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INTRODUCTION. 


By  Henry  Shalkr  Williams. 


The  following  paper  is  a  contribution  to  the  knowledge  of  tho  fossil 
faunas  of  the  Devonian  of  the  United  States.  It  was  begun  by  Mr. 
Cieland  as  a  piece  of  research  work  in  the  course  of  study  for  the 
doctorate  degree  at  Yale  University,  and  was  used  as  a  thl^sis  in 
taking  the  degree  of  doctor  of  philosophy  in  Juno,  1!)00.  During  the 
summer  of  1901  some  additional  work  was  put  on  it,  based  upon  more 
extended  field  work. 

The  value  of  the  investigation  consists  chiefly  in  the  statistics  it 
furnishes  as  to  the  approximate  composition  of  each  of  the  successive 
faunules  making  up  the  totiil  fauna  occupying  the  Hamilton  forma- 
tion of  central  New  York.  In  it  account  is  given  of  the  species 
obtained  in  a  careful  and  full  cxaminaticm  of  every  foot  of  tlie  sec- 
tion from  the  top  of  the  Onondaga  (Corniferous)  limestone  to  the  base 
of  the  Tully  limestone,  both  of  which  are  well  marked  in  tlie  Cayuga 
Lake  section,  thus  constituting  definite  limits  for  the  Hamilton  for- 
mation of  this  particular  region. 

All  the  fossiliferous  zones  (seventy-six  in  number)  wei-e  examined, 
and  upon  analysis  of  the  faunules  of  each  zone  those  which  weri^  so 
closely  alike  as  to  signify  practically  the  same  set  of  species,  associated 
in  the  same  biological  equilibrium  of  relative  abundance,  wei-e  groui)ed 
together,  constituting  in  all  twenty-five  separate  faunules.  These 
may  properly  be  described  as  the  faunules  of  the  twenty-live  suc- 
cessive hemerse  into  which  the  Hamilton  epoch  of  this  section  may  be 
distinguished  by  its  fossils.  These  faunules  are  associated  with  more 
or  less  definite  changes  in  the  character  of  the  sediments  in  which 
they  were  buried.  The  separate  divisions  of  the  formation  thus 
recognized  by  slight  differences  in  faunal  composition  as  well  as  in 
lithologic  constitution  may  be  called  zones.  The  Hamilton  formation, 
its  fauna,  and  the  particular  section  here  studied  are  well  known  to 
paleontologists,  so  that  tlie  species  can  be  easily  recognized  and 
listed.  In  making  the  collections  special  attention  was  given  to  the 
discovery  of  the  relative  abundance  of  the  species  found  associated 
together  in  each  rock  stratum.  Direction  was  given  to  collect  the 
fossils  as  near  as  possible  in  the  proportion  of  numbers  presented  by 
the  natural  occurrence  in  the  rocks.     Instead  of  attempting  to  dis- 
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cover  rare  species,  the  purpose  was  to  let  the  preserved  collection 
repi'esent  as  perfectly  as  possible  the  natural  proportion  of  associa- 
tion. The  working  up  of  the  collection  was  made  to  express  this 
natural  proportion  expressed  by  the  species. 

The  identification  of  species  is  probably  always  affected  more  or 
less  by  personal  judgment.  In  order  to  make  the  statistics  of  tlie 
greatest  relative  value,  therefore,  no  attempt  was  made  to  criticise 
these  personal  elements  in  the  author;  and  while  it  is  probable  tliat 
another  worker  dealing  with  the  same  specimens  would  not  reach 
absolutely  identical  listing  of  species,  it  is  probable  that  the  errors,  if 
any,  from  inaccuracy  of  specific  identification  are  so  small  relatively 
as  to  not  disturb  the  statistical  value  of  the  facts  recorded.  Further 
and  more  exliaustive  search,  also,  may  be  expected  to  considerably 
modify  the  statistics  here  given;  but  even  this  fact  does  not  detract 
from  the  value  of  those  here  recorded.  The  more  refined  tlie  analyses 
become  the  more  perfect  will  l>e  our  knowledge  of  faunal  composi- 
tions. The  present  investigation  is  a  step  in  the  direction  of  attain- 
ing the  fullest  possible  perfection  in  recording  faunal  statistics,  and 
in  making  tliese  faunal  analyses  as  i)erfect  as  they  can  be  made, 
toward  which  end  the  contributions  of  manj'  workers  will  be  needed. 
With  such  statistics  in  hand  we  may  hope  to  understand  bettx^r  the 
laws  of  evolution  as  affected  by  and  related  to  the  varying  conditions 
of  environment  and  time. 

It  will  be  noticed  that  the  thickness  of  the  Hamilton,  as  measuivd 
by  Prosser  in  the  Ithaca  well,  is  1,224  feet — tiiat  is,  between  the  top  of 
the  Onondaga  (Corniferous)  limestone  and  the  base  of  the  Tully  lime- 
stone. The  exact  thickness  was  not  determined  by  the  author.  The 
reason  for  this  is  that  the  great  thickness  and  similarity  in  the  charac- 
ter of  the  rock  of  Zones  B  and  C  made  the  accurate  measureuient  of 
these  zones  impossible.  This  is  shown  in  the  section  (fig.  2)  by  broken 
lines.  Nevertheless  it  is  believed  that  the  discrepancy  does  not 
affect  the  accuracy  of  the  succession  of  the  fossiliferous  zones 
recorded  in  this  paper.  Attention  is  here  called  to  the  fact  in  order 
to  show  how  difficult  it  is  to  make  exact  correlation  for  short  dis- 
tances when  the  sediments  are  of  similar  composition  and  structure 
and  the  general  fauna  is  the  same.  For  the  purpose  of  a.scertain- 
ing  the  exact  thickness  of  each  zone,  a  continuous  section  is  neces- 
sary, but  a  long  series  of  shorter  sections,  where  the  dip  is  slight, 
offers  the  advantage  of  a  greater  number  of  (exposures  of  the  rocks  for 
the  collection  of  the  fossils.  It  is  hoped  that  the  present  sample  of 
what  can  be  done  in  the  way  of  an  historical  study  of  a  fossil  fauna 
may  inspire  other  workers  to  make  similar  studies  of  the  rocks  in  theii- 
own  localities  for  comparison  and  demonstration  of  the  geographical 
as  well  as  the  geological  modifications  of  fossil  faunas. 


PREFACE. 


The  material  for  this  study  was  collected  during  three  months  of 
the  summer  of  1809  and  during  May,  1901,  from  the  Hamilton  formation 
exposed  along  tlu^  east  side  of  Lake  Cayuga  and  the  west  side  of 
Seneca  Lake.  Conimouciug  at  tlie  Onondaga  (Corniferous)  limestone, 
an  attempt  was  made  to  collec>t  the  complete  faunule  from  each  zone 
throughout  tlie  entire  Hamilton  formation  up  to  the  Tully  limestone. 

In  the  identification  of  the  fossils  the  principli^  has  l)een  followed 
that  unless  absolutely  necessary  no  new  species  or  varieties  should  be 
described,  but  that  all  doubtful  specimens  should  be  referred  to 
8i>ecie8  already  figured. 

The  writer  is  indebted  to  Prof.  H.  S.  Williams  for  many  helpful 
suggestions  concerning  methods  of  work. 
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A  STUDY  OF  THE  FAUNA  OF  THE  HAMILTON  FORMA- '  :-' 
TION  OF  THE  CAYUGA  LAKE  SECTION  IN  CENTRAL 
NEW  YORK. 


By  IlERDMAN   FitZGEKAlJ)   CLELAND. 


CHAPTER    I. 

GENERAL  DESCRIPTION  AND  GENERAL  GEOLOGY  OF  CAYUGA 

LAKE  REGION. 

GENERAL  DESCRIPTION. 

The  rej^ion  studied  is  about  7()  niil(\s  west  of  the  center  of  New 
York  State,  and  extends  across  about  one-third  of  the  State  from 
north  to  south,  the  center  of  the  region  being  nearly  in  the  center  of 
the  nortli-south  line.  Cayuga  Lake,  along  the  east  side  of  which  the 
material  for  this  study  was  colh^cted,  is  one  of  the  so-called  "finger 
lakes"  of  the  State,  and,  with  its  outlet,  forms  the  boundary  between 
Seneca  and  Cayuga  counties. 

In  th<^  western  two-thirds  of  tlie  State  the  strata  strik<*  in  an  east- 
west  direction  and  dip  to  the  south.  Hecause  of  this  southerly  dip 
it  is  [jossible  for  on(»  to  see  a  large  part  of  the  I*aleozoic  section  in  a 
comparatively  short  distance  in  passing  from  north  to  south.  The 
Cayuga  Lake  region  itself  embraces  all  of  th<i  formations  betwe<Mi  and 
including  the  Salina  and  the  Ithaca. 

This  region  is  overlain  by  glacial  drift,  which  hides  the  rock,  except 
when*  worn  away  by  erosion.  Almost  every  sti'eam  that  entei'S  the 
lake  has  cut  a  d(*ep  gorge  through  the  di'ift  and  into  the  shale,  mak- 
ing excellent  exposures.  The  gorges  thus  formed  often  have  banks 
of  shah'  100  feet  or  more  in  h(Mght.  In  all  of  these  creeks  there  are 
from  one  to  four  falls,  the  highest  of  which  are  caused  by  four  strata 
of  limestone  and  the  hard  sandstones  or  flags  of  the  Portage.  A 
description  of  Shurger  (lien,  about  5  miles  fi'om  the  south  end  of  the 
lake,  will,  in  a  geiHM'al  way,  answer  for  all  the  streams  flowing  into 
th(»  lak(^,  th(*  only  ditfen^nce  being  that  the  streams  farther  down  the 
lake  do  not  flow  over  the  TuUy  limestone,  Poi-tage  sandsto!ie.^^tic»..^ 
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-•AWr-i!flii8eciuently  have  fewer  falls.  In  Shiir- 
ger  Glen  there  are  four  seta  of  falls.  The 
first,  nearest  the  lake,  about  30  fe<'t  high,  is 
caused  by  the  Encrinal  l>ed9(limestone);  the 
second,  by  a  hard  shale;  the  third,  by  the 
TuUy  limestone;  and  the  fourth,  l»y  the 
Portage.  In  Paines  Creek  near  Aurora  the 
Tully  ami  Portage  have  been  eroded  away, 
leaving  the  Encrinal  and  the  hard  oalcare- 
oua  shales  of  Zone  D  at  Moonshine  to  form 
the  fall.  In  the  ereeks  at  Parleys  the  upper 
hard  limestone  capping  the  Mareellus  shale. 
Zone  B,  forms  the  falk. 

GENERAL  GEOLOGY. 

The  lake  section. — In  traveling  from  the 
Tillsge  of  Cayuga  to  Ithaca  one  passes  over 
and  can  collect  from;  (1)  theEurj-ptenis  beds 
(Rondout  limestone  orWaterlime),  (2)  black 
gypsum  (prol)ably  Rondout  limestone),  (3) 
Stromatopora  beds  (Manlius  limestime"), 
(4)  Oriskany  sandstone  (this  formation  has 
a  ma.\imuni  thickness  here  of  i  feet  10  inches 
and  thins  out  to  nothing  in  less  than  a  mile, 
leaving  the  Onondaga  (Comiferous)  in  con- 
tact with  the  LowiT  Holderbeig),  (.^)  Onon- 
daga limestone,  ((i)  Marcellus  shales,  (7) 
Hamilton  shales  and  impure  limeBtones,  (8) 
Tully  limestone,  (9)  Genesee  shale,  (10)  Port- 
age shales  and  sandstones.      (See  fig.  1 . ) 

For  the  purpose  of  this  paper  it  will  not 
be  necessary  to  speak  more  fully  of  auy  of 
the  formations  mentioned  above,  with  tlie 
exception  of  the  Hamilton. 

Hainiltftn  furmation. — The  de.senption  of 
the  shales  and  limestones  of  the  llaniilton 
formation  is  given  in  detail  in  the  descrip- 
tion of  the  different  zones  which  make  up 
this  formation.  In  general  it  may  be  said 
that  the  Marcellus  shales  immediately  above 
the  Onondaga  limestone  (where  they  are  very 
black  and  Sue)  alternate  with  eight  or  ten 
layers  of  impure  limestone  for  a  distance 
of  10  feet.  The  shale  becomes  harder  and 
D;  sandy  toward  the  top  and  closes  with  a  vei-y 
"*■  hard,  impure  limestone.     The  Marcellus,  aj; 
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shown  by  a  recent  well  boring,  is  81  feet  thick.  Above  this  limestone 
are  the  shales  of  Zone  C,  several  hundred  feet  thick,  which  are  very 
soft,  with  occasionally  a  harder,  more  calcareous,  or  sandy  layer,  and 
several  courses  of  concretions.  The  thick,  imx)ure  limestone  or  hard 
calcareous  shale,  Zone  D,  which  overlies  the  soft  shales  of  Zone  C,  is 
verj'^  marked  because  of  it«  haixiness  and  richness  in  fossils.  Immedi- 
ately above  this  zone  and  in  contact  with  it  is  a  layer  of  shale  50  feet 
thick,  as  fine  and  black  in  the  lower  part  us  the  Marcellus  shale. 
Above  this  the  calcareous  Hamilton  shales  continue  to  the  Encrinal, 
becoming  somewhat  harder  as  the  Encrinal  is  approached. 

Encrinal  bed. — The  Encrinal  is  a  crystalline  limestone  about  1^ 
feet  thick.  Above  this  the  Upper  Hamilton  or  Moscow  shales  extend 
to  the  Tully  limestone.  The  Upper  Hamilton  shales  vary  greatly  in 
hardness  and  faunal  combination. 

Concretionary  layers. — Concretions  appear  not  far  from  the  Encrinal 
beds.  These  concretionary  layei*s  are  at  first  shaly,  but  in  the  Cayuga 
Lake  section  become  progresssvely  more  calcareous  as  the  Tully  lime- 
stone is  approached. 

The  persistence  of  the  concretionary  layers  was  observed  for  some 
distance.  One  course,  which  conta,ined  Leiorhynclius  laiira  and  Orbi- 
ctdoidea  lodiensis  media  (Zone  V),  was  observed  at  Shurger  Glen, 
Lake  Ridge,  and  King  Ferry,  a  distance  of  12  miles.  These  con- 
cretions could  not  be  identified  in  the  Seneca  Lake  section.  The 
thin  layer  of  limestone  under  the  Tully,  included  in  Zone  Y,  was 
noted  at  these  places  also.  Both  the  limestone  layers  and  the  fossils 
of  Zone  Y  were  wanting  in  the  Seneca  Lake  region.  Zone  H  at  King 
Ferry,  containing  small  upright  concretions,  with  a  characteristic 
fauna,  was  found  also  in  Paines  Creek,  5  miles  north.  The  extent  of 
the  Encrinal  l)eds  and  hard  calcareous  shales  of  Zone  D  is  spoken  of 
in  another  place  (pp.  82-83). 

Jointing. — The  jointing  of  the  rock  in  this  whole  region  is  excep- 
tionally well  developed.  The  joint  planes  have  a  direction  of  N.  20°- 
30°  W.  and  S.  5M5°  E.,  and  are  almost  vertical.  (See  PI.  H.) 
This  jointing  accounts,  in  large  measure,  for  the  perpendicular  faces 
of  the  falls  and  cliffs  which  are  so  noticeable  in  this  region. 

TuUy  fold. — As  one  goes  up  the  lake  from  Union  Springs  the  gen- 
eral dip  of  the  rock  to  the  south  is  very  noticeal)l(^,  the  different  strata 
continuing  for  some  distance  and  then  disapi)earing  under  the  lake. 
Using  the  Tully  as  a  reference  plane,"  it  was  found  that  from  King 
Ferry  to  Lake  Ridge  the  strata  descend  about  45  feet  to  the  mile.  To 
the  south  the  Tully  limestone  takes  a  horizontal  position  and  remains 
a  little  above  lake  level  for  about  3  miles.  It  there  rises  into  an  arch 
over  6  miles  long,  with  its  highest  point  at  least  235  feet  above  the 
lake.     From  this  point  south  the  dip  is  very  rapid,  varying  from  a 


aDipof  rocks  m  central  New  York,  by  S  G  Williams   Am  Jour.  S<*i  ,  3d  «erii»8.  Vol  XXVI, 
1883,  pp.  3n3-305. 
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maximum  of  400  feet  to  the  mile,  the  average  being  110  feet. 
Vanuxem^  noticed  this  fold,  and  explained  it  as  an  apparent  but  not 
a  real  fold,  reasoning  that  since  the  strata  dipped  southward  the  bend 
of  the  lake  to  the  east  would  cut  into  the  strata  and  give  the  appear- 
ance of  a  fold,  llie  direction  and  amount  of  dip  of  the  strata  are 
such  that  the  bend  in  the  lake  could  not  alone  have  produced  such  an 
arch,  although  it  undoubtedly  had  some  effect.  The  folds  along 
Seneca  Lake  and  the  fault  in  the  outlet  of  Keuka  Lake,  which  are  in 
a  west-of-north  direction  from  the  Cayuga  Lake  arch,  point  to  the 
explanation  that  this  whole  region  suffered  a  lateral  pressure  suffi- 
cient to  crumple  the  strata,  thus  forming  a  long  fold  of  which  the  aroh 
at  Cayuga  Lake  and  the  undulations  in  the  strata  at  Seneca  I^ake  are 
a  part.  The  impure  limestone  of  Zone  D  is  so  folded  that  the  creek 
cuts  through  it  twice  before  it  reaches  the  fall  at  Moonshine.  In  Big 
Gully  Creek  the  limestone  which  caps  the  Marcellus  shales  is  cut 
through  by  the  stream  before  it  reaches  the  fall;  it  also  makes  a  fold 
to  the  south,  forming  falls  in  two  small  streams. 

The  fact  that  the  region  is  not  faulted,  that  the  folds  are  easily 
seen,  and  that  the  creeks  cut  through  the  glacial  drift  into  the  shales, 
makes  the  collecting  especially  easy,  and  reduces  to  the  minimum  the 
liability  to  error  in  locating  the  horizons  in  different  sections.  The 
dif&culties  in  the  way  of  making  accurate  measurements  with  the 
instruments  at  hand  were  such  that  all  measurements  given  are  only 
approximate. 


aGtoologry  of  New  York.    Survey  of  the  third  district,  18i2. 


CHAPTER  II. 
HISTORY  OF  THE  HAMILTON  FORMATION. 

McClure. — The  first  American  geologist,  William  McClure,  pub- 
lished a  geological  map  of  the  United  States  in  the  Transactions  of 
the  American  Philosophical  Society  in  1809.  In  this  map  '*ho  struck 
out  the  ground  outline  of  geographical  geology.''''  The  line  separat- 
ing the  "Primitive  rocks"  from  the  *'Floetz,  or  secondary,"  followed 
the  Oneida  and  Mohawk  rivers  of  New  Vork  to  the  Hudson  River. 
All  the  country  between  the  Alleghenies  and  a  line  running  north 
and  south  through  the  western  boundary  of  Arkansas,  with  the 
exception  of  a  narrow  strip  along  the  Gulf  of  Mexico,  is  marked  as 
Floetz,  or  secondary,  and  embraces,  in  a  general  way,  the  formations 
from  the  Silurian  to  the  Pleistocene.'' 

Eatou. — Amos  Eaton  aft-iM*,  for  that  time,  consid(»rable  travel  and 
observation,  published  An  Ind(^x  to  the  Geology  of  the  NoHhern 
States  in  I81M),  and  later,  und(»r  the  patronage  of  Stephen  Van  Ren- 
sellaer,  made  a  geological  survey  of  the  district  adjoining  the  Erie 
Canal.     These  o])servations  he  published  in  1Sl>4/* 

Werner. — These  pioneers  in  geology  were  followers  of  Werner,  who 
attempted  to  correlate  the  strata  in  America  with  those  of  Europe  iis 
described  by  the  German  geologist.  As  Weiner  (lepend<»d  entirely 
upon  the  lithological  character  of  the  strata  for  his  correlations  (the 
value  of  fossils  in  correlation  not  being  known  at  that  time)  great  con- 
fusion resulted. 

Early  attempts  at  rorretatioti. — Since  the  Old  Red  sandstone  of  Eng- 
land is  a  conspicuous  formation,  both  McClure  and  Eaton  took  it  as  a 
convenient  reference  plane.  Eaton  first  correlated  it  with  tlu*  Catskill 
sandstone  (Devonian)  and  the  Triassic  sandstone  of  the  Connecticut 
River.  McClure  considered  the  Red  sandstone  of  the  Medina  group 
(Silurian)  and  the  Triassic  sandstone  of  th«^  Connecticut  River  as  the 
equivalent  of  the  Old  Red  sandstone  of  Europe.  In  1S24  Eaton  con- 
cluded that  "  the  'Old  Red  sandstone'  rests  on  tlu*  Metallif(*rousgray- 
wacke  [Utica  and  Hudson  River  group]  and  underlies  the  Millstone 
grit"  [Oneida  ctmglomerate  of  the  MiMlina  group];  that  is,  tliat  the 
Old  Red  sandstone  (Devonian)  should  be  correlated  with  a  i)ortion  of 
the  Medina  sandston<»,  thus  placing  Ww  gn^ater  part,  of  the  Upper 
Silurian  and  tin*  D<»vonian  in  the  Carboniferous. 

Search  for  coal. — After  the  decision  was  reachetl  that  the  Red  sand- 
stone of  the  Medina  was  equivalent  to  the  Old  Red  sandstone  (Devo- 

« Index  to  the  Geolo^  of  the  Northern  States,  by  AmoH  Eaton,  1831),  p.  viii. 

b Trans.  Am.  Philos.  See.,  Vol.  VI,  1KJ9,  pp.  411-428. 
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nian)  of  England  which  underlies  the  eoal,  Eaton  expected  to  find  coal 
in  some  of  the  formations  in  the  southern  part  of  the  State,  and  advised 
the  people  who  lived  south  of  the  Medina  sandstone  to  dig  for  coal 
wherever  there  were  any  indications.  Eaton's  l)elief  that  what  we  now 
know  to  be  the  Devonian  was  Carboniferous  was  strengthened  bj-  the 
finding  of  thin  layers  of  carbonaceous  matter  in  what,  from  the  locali- 
ties mentioned,  must  have  been  the  Marcellus  and  Grenesee  shales. 
This  coal  in  very  thin  layers  is  occasionally  found  in  these  horizons. 
Because  of  this  advice  a  great  deal  of  money  was  wasted  in  a  vain 
search  for  coal. 

The  different  formations  of  the  Devonian  were  not  distinguished  by 
Eaton.  The  "third  graywacke"  or  ' * pyritif erous  rocks"  included 
all  the  formations  above  the  Onondaga.  Ilis  description  of  this 
"  rock  "  as  a  calcareous  or  siliceous  gray  rock,  with  aluminous  cement, 
either  slaty  or  in  blocks  and  rich  in  fossils,  and  the  localities,  the 
end  of  Cayuga  Lake  and  the  south  shore  of  Lake  Erie,  between  its 
eastern  extension  and  Sturgeon  Point,  does  not  distinguish  between 
the  different  formations.  The  Hamilton  in  the  Cayuga  Lake  locality 
was  not  included,  as  is  shown  by  the  fact  that  the  Tully  was  mistaken 
for  the  Onondaga  (Corniferous)  limestone. 

Conrad  and  Hall. — In  1837  Conrad  gave  as  the  object  of  the  New 
York  State  survey  the  stratigraphical  and  economic  study  of  the 
various  rock  formations.  The  attention  of  his  assistants  was  directed 
to  the  ** mineral  and  fossil  contents"  of  the  rock,  as  the  fossils  *' serve 
to  deteimine  with  much  accuracy  the  geological  age  and  cliaracter  of 
the  strata." 

In  1838  Hall  considered  the  rocks  of  western  New  York  as  belong- 
ing to  the  Devonian  and  Carboniferous.  His  reason  for  believing 
this,  he  says,  rested  chiefly  on  the  study  of  the  organic;  remains,  espe- 
cially of  the  vertical  distribution  of  the  trilobite.'* 

Conrad,  in  the  same  report,  concluded  that  the  rocks  of  New  York, 
with  the  exception  of  the  Catskill,  terminated  with  the  Upper  Ludlow 
roaks  of  Murchison  [Upp^r  Silurian]. 

In  the  section  along  the  Genesee  River,  given  in  the  same  report, 
the  shales  between  York  and  Mount  Morris  are  marked  as  *'  limestone 
shales."  This  was  one  of  the  first  attempts  to  separate  the  rocks 
above  the  Onondaga  (Corniferous)  in  New  York  State  into  finer 
divisions. 

In  the  Fourtli  Annual  Report,  1840,  Hall  compared  the  fossils  from 
the  New  York  strata  with  those  of  England  and  correlated  the  Cats- 
kill  with  the  Old  Re<i  sandstone  [Devonian]  of  England;  the  Chemung 
to  Moscow  shales  [Upper  Hamiltcm],  inclusive,  with  the  Upper  Lud- 
low rocks  [Upper  Silurian];  and  the  Ludlowville  [Lower  Hamilton] 
and  Marcellus  shales  with  the  Lower  Ludlow  rocks  [Upper  Silurian], 
and  adopted  the  name  Ludlowville  to  show  this  correlation. 


rt  Second  Ann.  Ropt.  New  York  Geol.  Survey,  18:*^,  p.  291. 
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The  report  of  1841  placed  the  Hainiltou  (called  Shorburn  group  and 
shales  near  Apulia)  and  Marcellus  (calle<l  Black  shale)  in  the  Aymes- 
try  [Upper  Silurian].  According  to  this  correlation  the  "Lower  Lud- 
low rock"  closed  with  the  Onondaga  (Corniferous)  limestone. 

VertieuWs  correlcdion. — In  his  concluding  remarks  on  Verneuil's 
Parallelism  of  the  Paleozoic  Deposits  of  America  with  those  of 
Europe,^  Hall  says  that  the  "line  of  demarcation  between  the 
Devonian  and  Silurian  is  at  the  base  of  the  Upper  llelderberg  or  at 
the  bottom  of  the  Schoharie  grit.  Verneuil  proposed  to  unite  the 
Marcellus  shale,  Hamilton  shale,  Tully  limestone,  and  Genesee  shale 
in  one  division,  and  make  the  Portage  and  Chemung  the  second  of 
this  period.  He  correlated  the  Chemung,  Portage,  Genesee,  Tully, 
.and  Hamilton  with  the  formations  of  Eifel  and  Devonshire;  the  Mar- 
cellus with  the  shales  of  Wissenbach  in  Nassau. 

Renevier^s  correlation. — In  the  sc^cond  edition,  1806,  of  the  Tableau 
des  Terrains  Sedimentaires  formes  pendant  des  I^poques  de  la  Phase 
Organique  du  Glo])e  Terrestre,  by  I^rofessor  Renevier,  the  Marcellus 
and  Hamilton  are  taken  together  and  considered  to  have  been  depos- 
ited at  the  same  time  as  the  TenfaruJitr,s  shales  (lower  part)  of  Thur- 
ingia  and  Bohemia,  Wissenbacher  slates,  and  the  si^hists  "a  Phacops 
Potieri  de  Bretagne." 

WHliams*s  correlation. — The  line  separating  the  Meso-  and  Eo- 
Devonian  in  America  was  deti^rmined  by  Prof.  II.  S.  Williams  to  be 
at  the  base  of  the  Tully  limestone.  Previously  the  Tully  had  been 
included  in  the  Meso-D<»vonian.  The  reason  for  this  correlation  is  as 
follows : '' 

The  conclusions  wo  draw  from  this  study  of  the  faniuis  of  the  Cnlx)ide8  zone 
and  the  Tully  limestone  are  that  within  narrow  limits,  geologically  8i)ealring,  the 
point  in  the  European  time  scale,  represented  by  the  beginning  of  the  de|>osition 
of  the  Cnboides  Schichten  of  Aix  la  Chai)elle,  et-c. ,  is  represented  in  the  New  York 
sections  by  the  Tully  limestone,  and,  second,  that  the  representative  of  the  fauna 
of  the  Cuboides  zone  of  Europe  is  seen  in  New  York  not  only  in  the  Tully  lime- 
stone, hut  in  the  shaly  strata  for  several  hundred  feet  aiM)ve.  Therefore,  if  we 
wish  to  exi)res8  precise^  correlation  in  our  classification  of  American  rocks,  the 
line  l)etw('en  Middle  and  Upper  Devonian  f(»rmations  sliould  1h»  drawn  at  the  base 
of  the  Tully  limestone,  to  corresjujud  with  tlic  usagt;  of  Frenc^h,  Belgian,  German, 
and  Russijin  geologists,  wlu)  include  Frasnein,  ('uboides  Schichten,  and  correlated 
zones  in  tht;  Upju^r  Devonian. 

'I'he  Meso-I)(»v<)nian  must  therefore  l)e  considered  as  bounded  above 
by  th<'  Tully  and  below  by  the  Onondaga  (Corniferous). 

South  Anuriran  Hdniilton. — 'i'lu^  sandstoni^  of  Erore  in  I>razil,  a 
portion  of  the  Iluanianipanipa  sandstones  of  Bolivia,  and  a  portion  of 
the  formations  of  the  Jaehel  River  in  central  Argentina  are  eori^elated 
with  the  New  York  Hamilton.  These  correlations  wisre  determined 
chiefly  by  the  presence  of  VituUna  pudulosa  and  Trojyidoleptus 
carinatus. 


n  Am.  Jour.  Sci.,  ad  seriea.  Vol.  V,  pp.  176-183,  356-370;  Vol.  Vn,  pp.  46-51,  218-281. 
«>  Williams,  Bull.  Geol.  Soc.  America,  Vol.  1, 1890,  pp.  481-500. 


CHAPTER    III. 
DESCRIPTIONS  OF  THE  FOSSILIFEROUS  ZONES. 

The  Hamilton  forinatiou,  including  the  Marcellus  shales,  is  in  this 
region,  as  shown  by  the  Ithaca  well  section,  1,224  feet  thick.^  It  is 
bounded  above  by  the  TuUy  and  below  by  the  Onondaga  (Corniferous) 
limestone. 

The  Cayuga  Lake  section  has  been  divided  into  twenty-five  zones, 
each  zone  having  been  determined  by  its  contained  fauna.  When, 
in  working  up  the  section,  there  seemed  to  be  a  change  in  the  fauna 
or  the  character  of  the  rock,  a  provisional  division  was  made,  the  total 
number  of  such  divisions  being  seventy-six.  Later,  in  working  up  the 
material  in  the  laboi*atory,  it  was  found  necessary  to  combine  many 
of  these  divisions,  reducing  the  number  to  twenty-five. 

The  name  of  each  zone  is  the  name  of  the  group,  genUs,  or  species 
which  seems  esfiecially  characteristic  of  the  faunule  of  that  zone. 
The  name  chosen  is  not  necessarily  that  of  the  most  abundant  species 
unless  that  si)ecies  is,  as  far  as  our  present  knowledge  goes,  associated 
with  a  definite  group  of  fossils.  For  example,  the  three  Leiorhynchtis 
zones  have  a  faunal  resemblance  which  can  not  be  mistaken,  although 
in  the  fii*st  Lpiorhijnchu.s  zone  Leiorhynchus  Umitare  is  the  charao- 
teristic  species,  while  in  the  other  two  zones  the  species  is  Leiorhynchus 
laura.  It  is  also  true,  that  Leiorhynchus  Inu  ra  may  be  associated  with 
an  abundance  of  Orhiculoidea  locliemns  medin^  as  in  Zone  V.  In  the 
first  and  second  Amboca^lia  umhondia  zones  a  group  of  species  occurs 
which  is  often  found  associated  together  when  Ainhoavlin  umhonala 
is  abundant.  In  every  zone  the  fauna  is  more  or  less  modified  by 
species  from  lower  zones  continuing  on,  and  by  local  conditions,  but 
tiie  essential  character  of  the  fauna  is  determined  bv  the  environ- 
mental  conditions. 

A.  HAMILTON-ONONDAGA  (CORNIFEROUS)  ZONE. 

Siraiiijraphy. — This  faunule  at  Cayuga  Lake  was  found  in  a  layer 
2  inches  thick,  almost  completely  made  up  of  poorly  preserved  fossils. 
The  shale  which  held  them  together  was  composed  of  finely  com- 
minuted fossils,  principally  tenta-culites.  Between  this  zone  and  the 
Onondaga  (Corniferous)  limestone  are  eight  or  ten  alternations  of 
impure   limestones  and   fine  sooty  shale,  aggregating   12   feet  (see 


aProsser,  Am.  Geologist,  Vol.  VI,  1890,  pp.  19U-211. 
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PI.  IV).     Two  feet  below  this  zone  is  h  limestone  layer  (Goniatite 
r.mestone),  which  is  purer  than  any  of  the  layers  between  it  and  the 
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Onondaga  limestone.     Below  aii<l  above  Zone  A  the  shale  is  very  rich 
in  >)f yltola  Jissurella  and  TentiQ-uhtes. 
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Faunule, — The  faunule  of  this  zoue  is  a  mixture  of  Ononda^  and 
Hamilton  species,  of  which  Brachiopoda  make  up  the  greater  part. 
It  contains  Clioneiea  rtiucronatus^  Ainhoctj^lla  umhonaki^  Tropidoleptus 
caritiatuSy  and  other  Hamilton  8i)ecies,  together  with  Spirifer  macrus, 
Anoplotheca  caviUla^  Chojief^'S  linedfus,  and  Phacops  criMata  var. 
pipa  of  the  Onondaga.  The  absence  of  Choneies  coronaius  and 
Tropidoleptus  carinatus  bellow  this  level  (12  feet  above  the  Onondaga) 
shows  that  the  Hamilton  must  have  been  de.veloi>ed  elsewhere  for  a 
long  period  of  time  before  the  deiwsition  of  this  zone.  The  fauna  is 
remarkable  in  that  it  is  not  a  transition  between  the  Onondaga  and 
Marcellus,  but  between  the  Onondaga  and  Hamilton.  Although  aU 
the  si>ecies  mentioned,  with  tlie  (exception  of  Choiietes  corwiatuSj 
have  been  found  in  the  Marcellus,  th(»y  are  not  characteristic  of  that 
horizon,  but  most  of  them  are  the  common  fossils  of  richly  fossilifer- 
ous  Hamilton  zones. 

A  faunule  of  similar  comiK)8ition  was  found  in  an  impure  limestone 
9  feet  above  the  Onondaga  limestone,  at  Livonia.  This  faunule  con- 
tained Anoplotheca  Camilla  associated  \^ith  Hamilton  and  Onondaga 
fossils. « 

Local ily, — Soutli  of  Union  Springs,  12  feet  above  the  Onondaga. 
Layer  of  gray  shale  2  inches  thick. 

B.  FIRST  LEIORHYNCHUS  ZONE  (Marcellus  shale). 

Stratigraphy, — In  the  first  creek  south  of  Great  (tuIIv  C'l-eek,  in  the 
bed  of  the  stream  near  tlie  moutli,  and  in  the  shale  along  the  lake 
shore  south  of  this,  flattened  splierical  concretions  occur,  many  being 
3  feet  in  horizontal  and  1\  feet  in  vertical  diameter.  No  fossils  wore 
found  in  them. 

The  Marcellus  shale  closes  with  a  hard,  impure  limestone,  4^  feet 
thick,  which  is  very  notic(*able  in  the  crei^ks  in  this  vicinity,  since  it 
forms  falls  wherever  it  occurs.  It  is  important  in  this  section,  because 
it  makes  a  distinct  line  between  the  shales  of  the  first  and  "second 
Le io rhy ti clius  zones . 

With  the  exception  of  2  feet  of  bituminous  shales  immediately 
above  Zon(»  A,  t\u)  Marcellus  shakes  betwc^en  Union  Springs  and  Oreat 
Gully  Creek  are  covered.  It  is  impossibh^  to  make  an  accurate  esti- 
mate of  the  thickness  of  this  zone  because  of  the  folding  of  the  strata 
in  this  region.  At  Union  Springs  the  Onondaga  is  folded,  and  at 
C4reat  Gully  Creek  the  limestone  layer  of  the  Marcrcllus  is  so  folded 
that  it  forms  two  falls.  This  same  stratum  folds  to  th<*  south,  mak- 
ing the  rise  of  ground  south  of  Levanna.  The  well  boring  recently 
madi^  at  Ithaca  (IIK)O)  shows  the  tine  bla<»k  shale  of  the  Marcellus  to 
be  81  feet  thick.  It  is  probable,  therefore,  that  the  total  thickness  is 
l>etween  80  and  1(K)  feet. 

Faunule. — The  faunal  combination  of  this  zone  does  not  differ 
materially  from  that  of  the  second  and  third  Ijeiorhijnchus  zones  with 


a  J.  M.  Clarko,  Forty-seventh  Ann.  Rept.N.  Y.  State  Mus.,  pp.  mi-'XyZ. 
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the  exception  of  the  replacement  of  L,  limitare  by  L.  luura.  In  the 
lower  portion  of  the  zone  the  shale  is  extremely  fine,  and  the  abun- 
dance of  Styliola  and  Tentacidites  much  greater  than  in  the  other 
Leiorhynchus  zones.  The  shales  become  coarser  and  the  fossils  more 
abundant  (with  the  exception  of  Tentacidites  and  Styliola)  as  Zone  C 
is  approached.  The  fauna  of  the  upper  i>oi'tion  is  especially  rich  in 
Orthoceratites.  About  2  feet  below  the  limestone  is  a  nodular  layer 
extremely  rich  in  Leiorhynchus  liinrtdre  in  an  excellent  state  of 
preservation.  The  shale  for  2 J  feet  below  the  limestone  is  very  cal- 
careous and  coarse,  but  still  contains  L.  limitare  and  its  characteristic 
fauna. 

A  Leiorhynchus  fauna  has  approximately  the  following  composition: 

Leiopoteria  laevis. 

Nncnlites  \  t"<l««ter, 
i  oblongatus. 


Nucula  corbuliformis. 
Styliola  fissurella. . 
Tentaciilites. 
Phacops  rana. 


Leiorhynchus  \  J?^™' 

f  limitare. 

I  mucronatus, 
Chonetes  -j  scitiiliis, 

( lepidiis. 
(Orbiculoidea  media) . 
Strophalosia  truncata. 
Ltmnlicardiiim  fragile. 

Locality, — Near  the  mouth  of  the  creeks  between  Levanna  and 
B^arleys.  The  test  exposure  for  the  upper  portion  is  in  Great  Gully 
Creek;  for  the  lower,  the  quarries  south  of  Union  Springs. 

C.  SECOND  LEIORHYNCHUS  ZONE. 

Stratigraphy. — This  zone  is  quite  uniform  in  its  lithological  and 
faunal  characters  with  the  exception  of  one  layer  of  dark  calcareous 
shale  about  15  feet  above  the  Marcelhis  shale,  which  contains  a  greater 
number  of  Phacops  rana  and  Amhoradia  nrnhouata  than  is  usual 
elsewhere  in  the  section.  As  a  rule  the  shale  is  fine  and  seldom  con- 
tains more  than  eight  or  nine  si)ecies  to  eaeli  5  feet.  Two  courses  of 
concretions  occur  70  feet  below  Zone  I).  Occasionally  a  harder  layer 
occurs;  but,  with  the  exception  mentioned,  the  species  do  not  change 
with  this  slight  change  in  sedimentation.  The  lower  and  upper  por- 
tions of  this  zone  were  worked  more  carefully  than  the  middle  portion. 

Faunide, — This  zone,  which  is  several  hundred  feet  tliiek,  is  very 
poor  in  fossils.  Tlie  faunule  is  one  which  usually  occurs  in  the  fine 
shales  of  the  Hamilton  stages  where  the  conditions  were  not  favorable 
to  a  rich  Hamilton  faunule.  The  make-up  of  the  fauna  is  given 
under  Zone  15.  This  same  faunule  is  rei)orted  from  the  Livonia 
section. 

Localities. — Paines  Creek,  south  of  Aurora,  from  Moonshine  Falls 
to  the  lake;  Deans  Creek,  north  of  Aui'ora,  from  Goulds  Falls  to  the 
lake;  Great  (iuily  Creek,  south  of  Union  Spring,  to  the  Marcellus 
shale.     It  is  also  finely  developed  in  the  Seneca  Lake  section. 

D.  FmST  TEREBRATULA  ZONE  (Basal  limestone  of  Qarke). 

Stratigraphy. — Because  of  its  hardness,  compared  with  the  soft 
shales  above  and  below,  this  zone  forms  a  fall  in  all  of  the  creeka 
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where  it  appears.  Moonshine  FalLs,  on  Paines  Creek,  and  the  fall  in 
Deans  Creek,  on  the  farm  of  James  Gould,  are  from  30  to  40  feet  high. 
The  rock  is  a  hard  calcareous  shale,  almost  an  impure  limetitone. 
The  fauna  as  well  as  the  lithological  character  separates  this  zone 
sharply  from  the  shales  above  and  l>elow.  It  is  25  feet  thick  in  Paines 
Creek. 

Faunule. — Tlie  ^i^enc^ra  of  tliis  section  {in*  not,  by  any  means,  the 
most  common  fossils  in  this  z(me;  but  since  they  are  dissociated  with 
a  peculiar  combination  of  species,  both  hen^  and  at  Eighteenmile 
Creek,  the  name  Terebrahda  has  been  used  to  designate  that  combi- 
nation. The  combination  of  species  spoken  of  al)ove  is  CrypUmella 
planiroslris,  0.  recti rostris^  Merisidla  hasJcinsi,  EuneJhi  lincMcBniy 
Spirifer  diraricafiis,  Vifullna  2)Hsf ulosa^  and  in  the  Kncrinal,  in  addi- 
tion or  by  substitution,  Centronella  hnpressa. 

This  is  the  fii-st  and  only  zone  in  wliich  HeliophyUuni  lialU  appeared 
in  any  numbers.  Tlie  locality  was,  however,  especially  favorable  for 
collecting,  on  account  of  the  great  an»a  of  the  zone  exposed  by  the 
folding  of  the  strata  and  the  consequent  wearing  away  of  the  soft 
upper  shales  in  several  places  by  the  action  of  the  water.  One  speci- 
men of  H.  confliieiis  was  obtained  from  the  Kncrinal  l^eds  at  Black 
Rock,  on  Paines  Creek,  and  one  specimen  of  H,  halli  from  a  doubt- 
ful locality  in  the  Upper  Hamilton.  With  these  exceptions  no  speci- 
mens of  this  genus  were  found  above  or  below  Zone  I).  VifuUna 
pxistulosa  is  common,  and  was  found  in  the  same  abundance  in  the 
Encrinal  l>eds,  but  not  elsewhere  in  the  section. 

The  shale  of  this  zone  is  extremely  fossil  if  enms.  The  total  number 
of  species  found  was  84;  of  these,  32  are  Pelecypoda,  33  Brachiopoda, 
4  Gasteropoda,  3  trilobites,  3  corals. 

Localities, — Paines  and  Deans  creeks  on  the  east  side  of  Cayuga 
Lake;  Slate  Rock  Run  on  w(?st  side  of  Seneca  Lake.  D.  F.  Lincoln** 
reports  it  from  Bentons  Run,  west  side  of  Seneca  Lake;  north  of 
Days  Landing;  Reeders  Creek;  West  Fayette*  station;  1  mile  west  of 
West  Bearytown;  1  niile  soutlu^ast  of  Bearytown;  Big  Hollow  Creek 
east  of  Romulus.  Clarke  reports  it  from  Canandaigua  Lake  and  Flint 
Creek. 

Note. — This  zone  is  well  exposed  in  Slate  Rock  Run  on  the  west 
side  of  Seneca  Lake.  In  this  locality  it  is  15  feet  thick  and  contains 
a  faunule  very  similar  to  that  of  the  Cayuga  Lake  region.  The  i^rin- 
cipal  difference  noted  was  the  great<»r  abundance  of  cyathophylloid 
and  Favosite  corals.  The  common  fossils  of  this  zon<*  in  Slat<*  Rock 
Run  are: 


Heliophylluin  halli. 

Cystopliylnin  americamun. 

Favosites. 

Chonetes  miicronatus. 


Emiella  linckliPiii. 
lihipidomella  vanuxemi. 
Crinoid  steins. 
Stropheixlontii  ina*qnistriata. 


a  Auu.  Roi)t.  Stato  Wool.  Now  York,  IHS4. 
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E.  THIRD  LEIORHYNCHUS  ZONE. 

Faunnle, — Immediately  above  the  calcareous  shales  of  Zone  D  occur 
55  or  60  feet  of  very  fine  black  shales  which  are  extremely  barren  of 
fossils.  This  is  especially  true  of  the  lower  25  feet,  in  which  but  ten 
species  were  found,  the  complete  faunule  being  twenty-seven  species. 
Styliola  fissureUa  and  ostracods  occur  abundantly  in  thin  layers,  but 
in  the  body  of  the  shale  they  are  seldom  seen.  With  few  exceptions 
the  ostracods  and  styliohe  do  not  reappear  in  this  section  above  this 
zone  and  never  again  in  abundance. 

The  change  of  sedimentation  from  a  firm  calcareous  to  a  fino.  black 
mud  was  evidently  a  condition  unfavorable  to  the  rich  faunule  of 
Zone  D,  and  either  (1)  it  was  replaced  by  migration  of  a  faunule 
similar  (recurrent)  to  that  of  tlie  shales  below  Zone  D  or,  what  seems 
probable,  (2)  the  species  found  in  Zone  E,  which  were  inconspicu- 
ous in  the  faunule  of  Zone  D,  lived  on  while  their  less  adaptable 
neighbors  perished.  The*  shales  of  tliis  zone  contain  no  brachiopods 
and  only  three  species  of  pelecypods — and  t  hey  are  rare — wliich  are 
not  found  in  Zone  C.  They  contain  one  brachiopod  nud  two  pelecy- 
pods which  are  not  found  in  Zone  D.  The  faunule  of  this  zone  bears 
a  strong  resemblance  to  the  '*  recurrent  fauna"  of  Ontario  County." 

Localities, — Above  and  in  contact  with  Zone  D  in  Paines  and  Deans 
creeks,  on  Cayuga  Lake,  and  in  the  Seneca  Lake  section. 

Note. — The  shales  of  this  zone  are  of  this  same  cliaracter  west  of 
Seneca  Lake.  The  resembance  to  the  Marcellus  is  so  strong  iliat  Mr. 
Berlin  H.  Wright*  called  the  shales  of  tliis  zone  in  the  Kashong  Creek 
section  "Marcellus."  The  lithological  character  and  tlie  faunule  are 
both  very  much  like  that  of  the  ^lareellus,  with  the  exception  of 
Leiorhynchus  lirnitare,  which  the  writer  did  not  find  in  the  Kashong 
section. 

F.  MICHELINIA  ZONE  (Provisionally). 

Stratigraj^hy. — This  zone  is  not  separated  fi'oni  the  lower  sliales  by 
any  distinct  line,  the  division  being  made  l)y  the  al)undance  of  the 
fossils  and  change  in  species.  It  t(»rmiiiates  in  a  moi*e  calcareous 
layer  4:  inches  thick,  in  which  31irhelhiia  sfyloporff  is  common.  The 
numl)er  of  species  is  not  great  except  by  conij)aris()n  with  th<;  zones 
above  and  below.  Ccmipared  with  E  and  (t  the  species  are  in  the 
ratio  (E)  21):  (F)r)():  (G)  2:J.  The  tliickness  of  the  zones,  in  feet,  is  in 
the  ratio  (E)55:  (F)  5:  (G)  IS. 

Faunule. — Tlie  only  common  species  are  Tropidolepfus  carinaiu^s, 
Nuciila  corhulifonnis^  CypricardeUd  hellLsfridia,  Midwlinia  slylopoj-a, 
and  crinoid  stems.  Grainniysia  ronsfricfa,  Cerafopora  dtchotmnd, 
and  Miclwlinia  appear  for  the  first  time.  Trap  idol  e  plus  carlnatus  is 
very  common,  but  of  small  size. 

Location. — Paines  Creek,  60  feet  above  Moonshine  Falls.  Five  feet 
thick. 


a  J.  M.  Clarke,  Ann.  Rept.  State  Gwl.  New  York,  1884,  pp.  9-22. 
fc Thirty-fifth  Ann.  Rept.  New  York  Statft  l&.\xa.,\?«i>V&V«>-^S!fc' 
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G.  CHONETES  VICINIJS  ZONE. 

Stratigraphy. — This  zone  comprises  the  firm  shales  below  the  falls 
nearest  the  lake,  at  King  Ferry,  and  the  upper  portion  of  the  section 
on  Paines  Creek;  23  species;  18  feet  thick. 

Faumde. — Choneies  richnus,  which  appt*aix^d  in  Zone  F,  became 
very  abundant  and  of  hirge  size  in  tliis  zone.  TropidoJeptxis  carinatus 
is  common.  Lunulicardiuvi  fragile  and  Cj/prieardelJa  heJlistriata  are 
found  occasionally.  The  shales  are  not  so  barren  as  the  small  num- 
ber  of  sx>ecies  would  indicate,  although  they  are  by  no  means  rich  in 
fossils. 

Locality. — King  Ferry  and  Paines  Creek. 

Note. — Later  investigation  shows  that  the  name  Clwnetes  vicinus 
does  not  express  a  faunal  combination.  The  zone  is  a  distinct  one 
at  King  Ferry,  but  is  an  expression  of  peculiar  loc^il  conditions  rather 
than  a  normal  faunule.  This  zone  was  not  found  in  the  Kashong 
Creek  section. 

H.  TRANSITION  ZONE. 

This  zone  does  not  have  a  distinctive  faunule  and  is  probably  a 
transition  between  Zones  (4  and  I. 
Locality. — King  Ferry,  N.  Y. 

I.  FIRST  CYPRICARDELLA  BELLISTRIATA-ATHYRIS  SPIRIFEROIDES 

ZONE. 

Faunule. — The  abundance  of  CyprirardeUa  helli.sfriafa,  Athyris 
spiri fer aides y  and  Spirifer  pennatus  is  chara(*teristic  of  this  faunule. 
The  relative  abundance  of  all  of  the  species  in  the  zone  changes 
somewhat  from  the  bottom  to  the  top.  Tropidolepfus  is  common  in 
the  lower  third,  rare  in  the  middle,  and  common  again  in  the  upper 
third.  Pholidostraphia  iou-aethsi.s  appears  for  the  first  time  in  the 
lower  third  and  was  not  common  elsewhere  in  the  section. 

Location. — King  Ferry,  above  the  first  falls;  47  feet  thick. 

Note. — The  faunule  of  the  shale  25  fe(»t  telow  the  Encrinal  beds, 
19  feet  thick  in  the  Kashong  Creek  (Seneca  Lake)  section,  bears  a 
stronger  n^semblance  to  Zones  I  and  K  than  to  .J,  but  the  faunule  as  a 
whole  has  a  difl'erent  facies.  It  resembles  I  in  the  abundance  of 
Tropidoleptus  cariiiatas  CA,  Chonef/^.s  tnurroHafus  CA  (instead  of 
C.  ricinu.s),  and  Spirifer  pemutfus.  It  difl'(»rs  in  the  scarcity  of 
Cypricarddla  hellisiriaia  and  A.  spiriferoides  and  in  the  abundance 
of  Bryozoa  and  crinoid  stems.  The  25  feet  of  shale  imniediat^^ly 
underlying  the  Encrinal  is  very  poor  in  fossils,  the  faunal  combina- 
tion of  which  is  not  plain. 

J.  TELLINOPSIS  ZONE. 

Faunule. — This  faunule  differs  from  that  of  Zones  K  and  I  in  its 
paucity  of  spirifei*s,  Athyris  spiriferoides  and  Tropidolepius  carinatus 
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and  iu  the  abundance  of  Ambocadia  um}x)nata,  Tellinopsis  snbemnr- 
(jinatcty  and  Modiomorpha.  There  is  one  thin  layer  of  Amhoccdia 
umbanatfx  and  Chonetes  scitulus.  The  shale  of  Zone  J  is  finer  than 
that  of  Zone  K  and  more  fossiliferous. 

Locality, — King  Ferry,  20  feet  below  the  Enerinal  beds;  10  feet 
thick. 

K.  SECOND  CYPRICARDELLA  BELLLSTRIATA-ATHYRIS  SPIRIFER- 

OIDES  ZONE. 

Faunule. — This  faunule  is  a  recurrencci  of  Zone  I,  with  slight  modi- 
fications. The  numerous  individuals  of  the  upper  third  of  Zone  J  are 
the  characteristic  fossils  of  K  with  the  exception  of  ClioiiPtes  vicinus. 
Other  species  of  Chonetes  are  common  and  balance  the  loss  of 
C.  vicinus.  The  abundant  species  of  Zone  I  are  most  common  in 
Zone  K.  This  zone  resembles  Zone  X  of  the  Upper  Hamilton,  except 
that  in  Zone  X  Leiorlujnchus  laura  continues  from  Zone  V. 

Locality. — King  Ferry,  extending  down  from  the  Enerinal  for  22 
feet. 

L.  SECOND  TEREBRATULA  ZONE  (ENCRINAL  BEDS).« 

Stratigraphy. — The  Enerinal  bed  includes  8  feet  of  calcareous 
shales,  impure  limestone,  and  1|  feet  of  crystalline  limestone,  with 
an  abundance  of  crinoid  stems  in  the  upper  part. 

Faunule. — Of  the  47  species  occurring  in  this  bed,  14  are  from  the 
crystalline  limestone.  No  fossils  are  abundant.  Of  the  7  species 
which  are  common  3  are  distinctive;  VituUna  pustulasa  is  found  also 
in  D;  Centronellu  inipressa  occurs  here  for  the  first  time  and  does  not 
appear  again;  EuneUa  UncMa^ni  is  found  also  in  D  and  Y;  Spirifer 
divaricatu^,  one  fragment,  is  found  in  D;  Nur1eos])ira  concinmi  is 
rarely  found  in  the  section,  and  Spirifer  (jranuhsus  reappears  here. 
(For  discussion  of  Enerinal  see  C-hapter  V.) 

Locality, — This  zone,  called  also  the  Enerinal  bed,  includes  the 
crystalline  Enerinal  beds  and  impure  limestone  and  shales,  8  feet  in 
all,  found  in  the  creeks  between  Shurger  Glen  and  Aurora. 

M.  ORTHONOTA  ZONE. 

Faunide. — This  zone  differs  decidedly  from  tliat  above  and  below 
in  the  composition  of  its  fauna.  A  glance  at  the  accompanying  table 
(Pl.V)  will  show  the  distinctness  of  this  zone.  The  common  Pelecy- 
poda  a,re  Phthoni a  ttodiroskita,  Orthonota  undulata^  Frothy ris  lanceo- 
lata,  and  Tellinopsis  suhemanj inata. 

Locality. — Shurger  Glen.  A  rather  fine  shale  H  feet  thick  under- 
lying a  harder  layer  (Zone  N)  which  forms  a  small  falls  24  feet  high 
a  short  distance  from  the  fall  over  the  Enerinal. 


olncluding  the  genera  of  Section  A;  cf.  Schuchert:  Bull.  U.  S.  Qeol.  Survey  No.  87,  p.  124. 
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N.  (TRANSITION  ZONE.) 

Zone  N  is  a  rather  hard,  limy  layer,  6  inches  thick,  which  forms  the 
capping  for  a  falls  2^  feet  high.  The  faunule  is  not  a  distinct  one. 
The  abundance  of  Tropldoleptus  carinafus  places  it  with  the  zone 
which  follows,  while  the  fe>vness  of  Chonete^s  and  abundance  of  cri- 
noid  stems  and  Bryozoa  places  it  with  tlie  preceding  faunule.  It  is 
lithologically  distinct,  but  must  be  called  a  transition  faunule. 

O.  CHONETES  ZONE. 

Faunnle. — The  abundance  of  Chonetes  niucronatus  (Lnd  C.  scUiUus 
is  very  noticeable.  In  a  fine  shale,  3  inches  thick,  is  an  abundance 
of  Spirifer  pennafus  and  TropidolephtH  car  hiatus.  A  hard,  argilla- 
ceous, sandy  layer  above  this  is  very  rich  in  S,  pey}mdu4i.  This  zone 
is  not  well  maiked,  and  is  probably  very  local. 

I^)ralUy. — Shurger  Glen.  Coarse  and  rather  sandy  strata  overlying 
the  hai-d  layer  forming  the  small  fall;  10  feet  thick. 

P.  FIRST  AMBOCCELIA  ZONE. 

Faimulr, — There  is  little  ditTerence  between  this  zone  and  Zone  R 
except  that  there  is  a  greater  abundance  of  individuals  in  the  latter. 
Atnhocixlia  lunhonafa  and  Phacops  rauanre  abundant  and  Pholidops 
hcntilltonicc  and  Chonete^s  itiurronafus  are  common.  Pelecypods, 
with  the  exception  of  Pdieoneilo  cofhsfricfa^  are  rare.  The  association 
of  P.  rana  and  A.  und)onatn  is  seen  in  thin  layers  throughout  the 
Si*ction.     (Se(»  under  A.  unihonafa,  Chapter  IV.) 

Local  if  y. — Twenty  feet  above  the  Encrinal  beds  at  Shurger  Glen; 
5  feet  thick. 

Q.  CHONETES  LEPIDUS  ZONE  (rather  barren  shales). 

Faunule. — Tlu*  lo  fe(»t  of  thin  shale  of  which  this  zone  is  Composed 
is  very  barren  both  in  individuals  and  in  species,  the  upi>er  5  feet 
being  extremely  so.  Only  10  species  were  found  in  the  entire  bed; 
of  tliese  ^»  species  are  found  in  the  upp(M*  5  fe(»t  and  12  species  in  the 
lower  10  feet.  In  the  upper  5  fe(^t  Chouefe,s  lepidus  ai.,1  A.  umhonata 
are  the  only  common  fossils. 

Th(»  conditions  in  this  region  during  the  deposition  of  these  shales 
were  very  unfavorable  to  life.  At  fii'sl  X\w  fauna  was  i"ath<'r  large, 
but  at  hist  th(?  two  sp<H'ies  mentione<l  above  w(m*<^  almost  the  only  ones 
that  were  able  to  survive*.  The  condit  ions  wcr**  not  unlike  thos4*  which 
(*xisted  during  the  deposition  of  the  muds  forming  Zon(»  E.  The  effect 
of  the  unfavorable  environment  is  s<*en  in  the  snmll  size  and  number 
of  indivi<luals. 

L()C(dity. — Shurger  (rlen.  Twenty-fiv(»  f(»<'l  almvc*  the  Encrinal  beds 
and  -0  feet  below  the  concretionary  hiver  of  Zone  S. 
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R.  SECOND  AMBOCCELIA  ZONE. 

Straiigraphy. — This  zone  is  bounded  above  by  tlie  Sfropheodonta' 
Coralline  zone  and  below  by  fine  shale.  It  is  a  very  marked  zone  in 
the  Shurger  Glen  section.  Large  blocks  of  shahi  which  have  fallen 
from  the  cliff  are  almost  completely  made  up  of  Ainhocadia  vinhonata, 
with  many  Phacops  rana  in  an  excellent  state  of  preservation. 

Faunule, — Besides  A,  urtihonata  and  P.  rana^  FJiolidops  hainUtomcB 
and  Palczoneilo  canstrictu  are  very  common.  Chonefe.s  inurronaius  is 
often  found.  A  comparison  of  **  the  fauna  of  the  Spirift  r  cousohrhnis 
fauna,  Da"  of  Grabau'*  with  this  zone  shows  that  (1)  the  relative 
position  and  (2)  the  faunule  are  the  same.  (See  under  Amhocculia 
umboiiata.) 

Locality. — Shurger  Glen  and  King  F(M-ry,  40  feet  above  the  Encrinal 
beds.  Underlies  tlie  concretionary  layer  of  Zone  S.  Twenty-five 
feet  thick. 

Note. — A  bed  with  a  fauna  of  this  same  composition  occui's  in  the 
Kashong  section.  The  resemblance  is  so  striking  that  it  can  not  be 
mistaken.  It  is  about  8o  f(M*t  above  the  Encrinal  lK*ds  in  this  section 
and  but  40  feet  at  Shurger  Glen.  The  zones  of  the  two  sections  may 
be  continuations  of  the  same  ])e(l,  l)ut  there  is  no  evidence  to  that 
effect  except  the  character  of  the  faunule  and  the  rock. 

S.  STROPHEODONTA— CORALLINE  ZONE. 

Stratigraphy. — This  zone  includes  th(»  low(»st  concretionary  hiyerin 
which  the  concretions  are  of  large*  size.  Tlu^  concretions  are  shaly, 
but  the  shale  in  which  they  ar**  embedded  is  rather  more  calcareous 
than  usual.  The  fossils  occur  in  three  or  four  hiyers,  about  2  or  3 
inches  thick.  In  these  thin  fossil  iferous  la  vers  lh(?  shale  weathers  into 
a  mud,  leaving  the  fossils  conspicuous.  In  the  lower  part  of  the  zone 
occurs  a  very  thin  layer  composed  almost  cMitirely  of  crinoid  joints. 

Faunule, — The  rarity  of  Atnhocalia  mnhonnid  and  the  ai)undance 
of  Bryozoa  and  crinoids,  together  with  Strophcodonfii  in(t(/f(isfri(iki^ 
8.  corwava^  RhipiilointUa  rdjuunnl^  and  corals  in  considiH-able  num- 
bers, make  this  zone  distinct  from  that  above  and  bi'low. 

Locality, — Shurger  Glen,  00  feet  above  tlie  Encrinal  beds.  In  a 
concretionarv  laver  10  feet  tiiick. 

Note. — Thin  layers  containing  tiiis  faunule  commence  40  feet  below 
the  Tully  at  Kashong  Creek  (Seneca  Lake),  and  occur  frequently 
for  30  feet.     The  common  fossils  are: 

Spirifer  pennatus. 
Stropheodouta  inieqnistriata. 
Stropheodonta  concava. 


Atrypa  reticulari.s. 
Stre])U"lasma  rectum. 
Amplexus  sp.  'i 
Crinoid  steins. 


Stropheodonta  jnnia. 

This  faunule  responded  very  quickly  to  certain  conditions,  as  is 
shown  by  its  frequent  occurrence  in  the  Seneca  and  Cayuga  lake  sec- 
tions.    It  also  has  a  very  constant  faunal  combination. 

a  Sixteenth  Ann.  Rept.  State  Gool.  New  York,  l»8ft,\>.'5Sa. 
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T.  MODEELLA  PYGM^A.  ZONE. 

Stratigraphy. — The  shale  in  this  zone  is  compact  and  fairly  uni- 
form throughout.  It  is  not  very  fossiliferous,  but  by  no  means  bar- 
ren, except  where  thin  layers  of  fine  shale  occur. 

Faunule, — This  is  distinctly  a  pelecypod  zone  in  which  small 
pelecypods,  such  as  Nucula^  ModieUa^  Pal<B07ieilo,  and  TeUinopsis  are 
common.  Leiopleria  is  frequently  found  near  the  center  of  the  zone. 
The  total  number  of  species  in  the  zone  is  large  because  of  the  occa- 
sional appearance  of  a  number  of  rare  species.  The  number  of  species 
of  brachiopods  are  to  those  of  pelecypods  as  27  to  39.  Of  the  brachio- 
pods,  Spirifer  pennatus  and  AvihociFlia  uvibonata  are  found  in  all 
parts  of  the  zone,  sometimes  being  very  common.  Stropheodontay 
Niudeosjjira,  and  Reticularui  are  absent.  Nucula^  NucidUes^  Modi- 
eUa,  and  Pala^oneih,  which  are  rare  in  the  lower  zones,  become  com- 
mon iu  this  zone,  though  never  abundant.  The  faunule  disappears 
with  the  appearance  of  Leiorhynchus  laura  and  Orbiculoidea. 

Locality. — Shurger  Glen,  40  feet  below  the  Tully  limestone.  A 
Septaria  layer  is  embedded  in  the  upper  few  feet  of  this  zone.  The 
total  thickness  is  98  feet. 

U.  AMBOCCELIA  PR^UMBONA  ZONE. 

Faumile. — This  is  a  transition  zone  between  T  and  V.  It  is  char- 
acterized by  the  commonness  of  A.  prc^umhona.,  which  appeared  a 
foot  below  this  for  the  first  time  in  this  section,  and  in  the  reappear- 
ance of  Spirifer  ttdliuSj  which,  until  within  a  foot  of  this  zone,  was  not 
present  in  the  shale  below  for  20  feet.  The  faunal  combination  is  not 
plain. 

Locality. — Shurger  Glen.  Underlies  the  concretionary  layer  of 
Zone  V.     Five  feet  thick. 

Note. — A  bed  in  the  Kashong  (Seneca  Lake)  section  contains  the 
following  species: 


Ainboc(plia  i)neninbona. 
Leiorhynchus  laura. 


Orbiculoidea  lodiensls  me<Ua.? 
Chonetes  mucronatus. 


This  faunule  is  probably  a  continuation  of  that  at  Cayuga  Lake. 

V.  ORBICULOIDEA  OR  MODIFIED  LEIORHYNCHUS  ZONE. 

Leiorhynchus  laura  and  Orbiculoidea  lodMnusis  media  \i\  abundance 
in  a  fine  shale  make  this  a  very  distinct  zone.  It  may  be  considered  a 
LeiorhyuchuH  zone  with  Orbiculoidea  lodien^-is  media,  modified  by  the 
addition  of  S.  tuUiu^'s  and  Aiubocadia  prrvumhoua.  In  the  center  of  the 
zone,  however,  the  faunule  is,  with  the  addition  of  O.  hdiensis  media,  an 
almost  typical  Leiorhynchus  fauna.  The  Leiorhynchus  laura  and 
Orbiculoidea  lodienais  media  are  very  large  and  in  an  excellent  state  of 
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preservation  in  the  concretionary  layer,  which  is  embedded  in  the 
fine  shale  of  this  zone.  These  concretions  are  over  a  foot  in  horizontal 
diameter. 

Locality. — Shurger  Glen,  Salmon  River,  Lake  Ridge,  King  Ferry, 
30  feet  below  the  Tally  limestone. 

W.  (TRANSITION  ZONE.) 

Faunide, — The  abundance  of  Rhiptdamelln  vanu.vemi  and  Pliacops 
rana,  which  are  rare  in  the  next  zone  above,  and  the  frequency  with 
which  Pholidops  liamUionice  and  Dalnianites  hoothi  o(*cur,  present  the 
appearance  of  a  somewhat  distinct  fauuule.  However,  Chonetes 
mncronatus,  Leiorhynchus  laura,  Spirifer  audaculu^s^  Stropheodonta 
junia^  and  S.  perplana  are  common  to  both. 

The  faunule  can  not  be  taken  as  a  part  of  either  Zone  V  or  Zone  X, 
although  it  contains  a  number  of  species  of  each,  nor  can  it  be  con- 
sidered a  separate  zone.  During  its  deposition  tlio  conditions  per- 
mitted the  migration  of  a  Splrifer-Afrypa  faunule,  together  with 
R,  vamwevii  and  P.  rana,  and  at  the  same  time  were  not  unfavorable 
to  some  of  the  species  of  the  Orhiculoidea  faunule. 

Locality, — Shurger  Glen.  In  a  pyritiferous  concretionary  layer,  23 
feet  below  the  Tully,  10  feet  thick. 

X.  SPIRIFER-ATRYPA  ZONE. 

FaiiiiiUe. — Airy  pa  reticularis,  Athyri.s  spi  r  if er  aides,  and  Sj)irifer 
avdacidus  occur  here  in  very  great  abundance.  S.  (jranulosiui  has  a 
greater  development  than  in  any  other  portion  of  the  section.  Leior- 
hynchus laura  is  less  abundant  than  in  the  zone  below  and  is  not 
found  in  the  Cystodictya  zone.  Bryozoa,  which  were  rare  in  Zone  W, 
begin  to  be  abundant  and  continue  in  great  numbers  to  the  Tully 
limestone. 

Locality — Shurger  Glen.     Nine  feet  below  the  Tully  limestone. 

Y.  CYSTODICTYA  ZONE. 

Stratigraphy. — The  Hamilton  stage  closes  with  this  zone,  which 
includes  an  alternation  of  limestone  and  limy  shales  and  a  nodular 
layer.  This  condition  is  seen  at  Ludlowville,  Lake  Ridge,  and  King 
Ferry. 

Faunule. — The  zone  is  ricli  in  Bryozoa,  especially  Cysiodictya>  inci- 
surata,  and  crinoid  stems.  TropidoJeptns  carimdus  is  the  fossil  most 
often  seen  in  the  upper  portion.  Spirifer  pennaius  and  S.  audae- 
ulus  are  very  common,  while  S.  marcyi  is  represented  by  well- 
preserved  specimens  in  the  calcareous  shales  5  feet  below  the  Tully 
limestone.  Pelecypods  are  very  rare  in  the  upx)er  few  feet.  This, 
with  a  slight  modification,  is  the  same  as  the  Cystodictya  faunule  of 
Grabau,  which  at  Eighteenmile  Creek  occurs  in  the  Lower  Hamilton. 
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LocalUij. — Sliurger  Glen,  Saliiiou  Creek,  Lake  Ridge.  In  contact 
with  the  Tiilly  limestone. 

Note. — The  Hamilton  formation  in  the  Kashong  Creek  section, 
Seneca  Lake,  closes  with  a  fine  shale  7  feet  thick,  very  much  like  the 
Genesee  in  appearance  and  very  poor  in  fossils. 

The  fauniile  of  this  zone  is: 

Ambocoelia  uinbonata.  Ostrocods. 

Pbolidops  hamiltoniffi.  Palseoneilo  constricta. 

Phacops  rana.  Tellinopsis  snbemarginata. 
Tropidoleptns  carinatas. 

EXPLANATION  OF  DIAGRAMS,  PL.  V. 

Diaijram  A. — With  the  exception  of  Zone  A,  2  inches  thick,  12  feet 
al)ove  the  Onondaga  (Corniferoiis)  limestone,  which  is  very  rich  in 
individuals,  the  number  of  species  of  Pelec}T[)oda  and  Brachiopoda  is 
very  uniform  throughout  the  soft  shales  until  Zone  D  is  reached.  A 
few  fei^t  of  the  Upper  Mareellus  shales  are  quite  fossiliferous,  but  the 
number  of  species  is  not  large.  The  concretionary  layer  of  Zone  C 
contains  a  faunule  fairly  rich  in  individuals,  but  i>oor  in  species. 

As  indicat<»d  by  the  angle,  Zone  D  is  sharply  defined  from  the 
shales  al)ove  and  Inflow  by  the  great  abundance  of  species  and  indi- 
viduals as  well  as  by  the  greater  hardness  of  the  rock.  With  the 
exception  of  a  portion  of  Zonc^  X,  the  lower  10  feet  of  Zone  D  contains 
more  si>eci(»s  of  both  Brachiopoda  and  Pelecypoda  than  the  same  num- 
ber of  fe<4.  in  any  other  part  of  the  section.  In  the  lower  portion  of 
the  zon(*  the  brachiopods  an<l  peleeypo<ls  are  represented  by  an  equal 
number  of  speci(*s.  In  the  upper  j)ortioii  both  decivase  in  the  num- 
ber of  their  si)eci<\s,  but  the  lamellibranehs  sulTer  the  greater  loss. 

Th(»  most  barren  shales  of  tlu*  section  above  Zone  D,  lK)th  in  indi- 
viduals and  in  species,  are  th(»  5  fe<^t  of  tine  black  shales  immediat-ely 
in  (»on1aet  with  it.  The  black  shales  of  this  zone*  (E)  are  very 
noticeable. 

Zone*  F,  which  is  a  coralline  zone,  .is  rich  in  sp(»cies,  especially  of 
pel(»cypo(ls.  After  rc^aehing  a  low  point  in  Zoiu*  (t  there  is  a  rapid 
incn^ase  in  pelecypods,  the  increase  in  brachiopods  remaining  almost 
uniform  throughout  Zone*  I,  while  tlu^  pel(M*ypo<ls  rea<'h  a  high  point 
in  the  center  of  the  zon<»,  but  fall  l)elow  the  Brachiopoda  toward  the 
ui)per  ])orti(m. 

The  next  n(>tic(»able  change  is  in  the  Encrinal  b(Ml,  Zone  L,  where 
the  pelecypods  an*  extremely  rare,  while  the  brachioiKMls  have  a  rich 
develojunent.  Th(*  brachiopods  gradually  de(*reas(*  in  the  iiuml)erof 
specii^s  until  Zone  Q  is  reached,  where  there  is  a  greater  paucity  than 
in  any  other  zou(»  in  the  lTj)per  Hamilton.  The  pelecypods  become 
common  in  Zones  (),  M,  and  X,  but  become  rare  in  species  in  Zone  Q. 
In  the  ^Jo  foot  above  Zone  Q  there  is  an  in(»i'ease,  which  culminates  in 
Zone  S,  the  brachiopods  being  predominant.     Above  Zone  S  to  Zone 
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X,  with  one  local  exception,  the  number,  both  of  pelecypods  and  of 
brachiopods,  is  quite  uniform.  In  Zone  X  the  pelecypods  reach  their 
greatest  development  in  the  section,  the  brachiopods  also  being  well 
toward  their  highest  point. 

The  impure  limestones  of  the  upper  few  feet,  with  which  the  llani- 
ilton  formation  closed,  seemed  unfavorable  for  pelecypods,  as  was  the 
case  in  the  Encrinal  beds,  and  very  favorable  for  brachiopods.  From 
Zone  X  the  pelecypods  decrease  and  the  brachiopods  increase  to  the 
contact  with  the  Tully  limestone. 

Diagram  B, — The  abundance  of  individuals  is  represented  only 
approximately,  as  there  is  no  practical  method  of  determining  accu- 
rately the  actual  number  of  individuals  to  each  5  f<»et. 

In  the  fine  shales  of  the  Marcellus  are  thin  layers  full  of  Sfyliola 
and  TeniacxditeH  (these  are  not  represented  in  the  diagram).  Above 
Zone  A,  which  is  very  rich  in  individuals,  the  shale  is  almost  barren 
as  far  up  as  it  was  exposed  at  this  station  (Union  Springs),  with  the 
exception  of  Tenfacnlites  and  Sfyliola,  For  a  few  feet  below  the 
limestone  with  which  the  Marcellus  closes  there  is  an  abundance  of 
individuals  of  Leiorhynchus  Urn  Hare  and  of  Orthocerafifes,  The 
shales  above  this  limestone,  Zone  C,  are  almost  barren  in  many  places, 
but  now  and  then  a  fossil  is  found.  Occasionally  a  thin  layer  of  fine 
shale  a  fraction  of  an  inch  thick  contains  Leiorhynchus  laura  or 
Strophalosia  truncata  in  great  numbers. 

In  Zone  D  the  impure  limestone  which  forms  the  capping  of  Moon- 
shine Falls  seemed  richer  in  individuals  than  the  lower  shales  of  this 
zone.  This  may,  however,  have  l>een  due  to  the  more  favorable  col- 
lecting because  of  the  weathering  out  of  the  fossils.  Above  Zone  D 
are  a  few  feet  of  almost  completely  barren  shales,  Zone  E;  above 
these  shales  the  remaining  30  feet  of  Zone  E  continues  poor  in  indi- 
viduals and  species  to  Zone  F.  In  Zone  F  there  is  a  sudden  increase 
in  the  number  of  species  and  individuals,  which  makes  it  a  quite  dis- 
tinct zone.  The  number  of  individuals,  howev^er,  did  not  increase  in 
the  same  ratio  as  the  species.  From  Zone  G  to  the  middle  of  Zone  I 
there  is  a  rather  gradual  increase  in  species  and  individuals.  From 
this  point  the  numl)er  of  species  decrease  to  the  Eneriiial  ])eds,  while 
the  numl^er  of  individuals  vary.  The  species  becoiiu*  abundant  in 
the  upper  »part  of  the  Encrinal  bed  and  decrease  to  Zone  Q,  in  which 
the  shale  is  more  barren,  in  species  and  individuals,  than  in  any  other 
zone  in  the  Upper  Hamilton. 

The  great  abundance  of  individuals  of  the  Zones  P  and  R  is  shown. 
2k)ne  R  is,  according  to  the  diagram,  the  most  fossiliferous  zone  (in 
individuals)  in  the  section,  although  the  number  of  species  is  by  no 
means  large. 

From  Zone  S  to  Zone  W  there  is  a  rather  regular  increase  in  the 
number  of  species,  while  the  number  of  individuals  is  rather  small. 
Zone  S  is  rich  in  number  of  species  as  well  as  in  abundance  of  indi- 
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viduals.  Zone  V,  the  Qrhictdoidea  zone,  is  separated  fi^om  the  other 
zones  not  only  by  its  fannal  combination,  but  in  the  fewnesi^  of  its 
species;  the  numl>er  of  individuals  is  not  greatly  different  from  that 
of  the  sliale  l>elow.  Zone  X  is  the  richest  in  species  of  any  zone  in 
the  section.  The  abundance  of  individuals  is  great  in  proportion. 
Zone  X  was  worked  more  thoroughly  tlian  any  other  except  Zone  V — 
a  fact  which  will  in  a  measure  a<^count  for  the  large  numbers  of  spe- 
cies and  individuals  in  the  collection.  From  this  zone  to  the  Tully 
limestone  the  total  number  of  species  becomes  less. 


CHAPTER  IV. 

ANNOTATED  LIST  AND  CLASSIFICATION  OF  SPECIES  FOUND  IN 
THE  HAMILTON  FORMATION  OF  THE  CAYUGA  LAKE  SEC- 
TION. 

Snbkiiigdoiii    COELENTER^T^. 
Class  ANTHOZOA-ACTINOZOA. 

The  members  of  this  class  are,  with  a  few  exceptions,  rare  in  the 
Cayuga  Lake  section.  They  are,  however,  of  considerable  importance 
since,  when  they  are  common,  they  are  associated  with  a  peculiar  com- 
bination of  species. 

Subclass  TETRACORALLA  Haeckel. 
Family  ZAPHRENTID  JE  E.  &  H. 

GS^nus  STRKI^TKLASMLA.  Hall. 

1.  Streptelaima  rectum  Hall, 
ni.  Dev.  Po8.  Hall,  1876,  pi.  19. 

This  is  the  commonest  of  the  corals  at  Cayuga  Lake.  It  is  chiefly 
confined  to  the  upper  150  feet  of  the  section.  When  it  occurs  with 
Stropheodonta  it  has  a  definite  faunule. 

GrentiH  ZiAPHRKNTIS  Rafliie«qiie. 

2.  ZaphrentiB  simplex  Hall, 
m.  Dev.  Fob.  Hall,  1876,  pi.  21. 

Four  specimens  of  tli  is  species  were  found  in  the  Cystodiefy  a  zone  (Y). 

Gi-eriiiH   >VM:t»X^P]XT:TS   Sowerby. 
3.  AmplexuB  sp.  tmdet. 
m.  Dev.  Fob.  Hall,  1876.  pi.  3. 

Next  to  Strepfelasma  in  abundance  is  a  species  of  Amplextis,  found 
principally  in  the  Modiella  zone  (T).  It  differs  from  the  figures  of 
A.  hamUtonice  and  A.  intermedins.  The  coral  is  very  much  flexed  and 
has  a  jointed  appearance,  the  constrictions  sometimes  being  very 
marked. 
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Family  CYATHOPHYLLID^]  K.  &  H. 

G-enuH  HKLIOFHYLLUM:  Hall. 

4.  HeUophyllnm  halli  E.  &  H. 

ni.  Dev.  Fo8.  Hall,  1876,  pi.  23. 

Tills  species  is  restricted  to  Zone  D,  with  the  exception  of  a  single 
specimen  from  a  doubtful  locality  in  the  Upper  Hamilton.  A  num- 
ber of  specimens  were  obtained,  two  of  the  largest  of  which  measured 
220  and  270  mm.  in  length  and  65  mm.  in  diameter.  H,  halli  is  very 
common  in  the  "Basal  limestone"  of  Ontario  County,  and  is  confined 
to  a  narrow  zone  within  a  few  feet  of  the  Encrinal  beds  in  the 
Eighteenmile  Creek  section. 

This  species  is  very  common  in  the  "  Basal  limestone"  of  the  Seneca 
Lake  section. 

5.  HeliophyUum  conflaeni  Hall, 
m.  Dev.  Fos.  Hall,  1876,  pi.  26. 

A  single  specimen  was  found  in  this  section — in  the  Encrinal  beds 
of  Paines  Creek.  At  Eighteenmile  Creek  H,  confluent  is  also  restricted 
to  the  Encrinal  beds. 

GfenuH  l>iraYT»Ii:YLI^TTiVI   I^onHtlale. 
8.  DiphyphyUnm  arohiaci  Billing^. 
Geol.  Sur.  Mich.,  vol.  3,  1873-1876,  p.  126,  pi.  47. 

This  species  was  found  in  Zone  Y.  A  cross  section  showed  the  char- 
acteristic arrangement  of  the  septa. 

Subclass  HEXACORALT^A  Haeckel. 

Suborder  XA13ULAXA   E^.  ©•  H. 
Family  FAVOSITID^E  E.  &  H. 

7.  Favosites  argns  Hall. 

ni.  Dev.  Fos.  Hall,  1876,  pi.  13. 

Olio  specimen  from  Zone  Y  is  probably  of  this  species.  It  is  of  very 
much  the  shape  of  fig.  2,  pi.  13,  of  the  "Devonian  Fossils."  The 
arrangement  of  the  large  and  small  cells  can  not  be  made  out. 

8.  Favosites  sp.  undet. 

Favosite  corals  from  several  zones  were  too  imperfectly  preserved 
for  specific  identification.  They  did  not  show  any  of  the  specific 
characters  of  F.  argus. 
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G-entiH  M:ICH:b:i:.INT-A^  Ue  Kon.in.ok. 

*  9.  MIchiilinia  itylopora  Eaton. 

El.  Dev.  Fo8.  Hall,  1876,  pi.  18. 

This  species  \b  common  in  Zone  F,  but  nowhere  else  in  the  section. 
At  Eighteenmile  Creek  it  is  restricted  to  a  few  feet  at  the  base  of  the 
Lower  Hamilton.  At  Kashong  Creek  very  large  specimens  of  this 
species  occur  in  a  narrow  bed  13  feet  above  the  "upper  fall"  (above 
Encrinal).  A  few  specimens  were  also  found  in  the  "Basal  lime- 
stone" of  Slate  Rock  Run. 

r 

10.  Trachypora  (Dendropora)  omata  Roininger. 

Geol.  Sur.  Mich.,  vol.  3,  1873-1876.  p.  62,  pis.  23-24. 

A  few  well-marked  fragments  of  this  species  were  found  in  the 
Cystodictya  zone  (Y),  and  in  the  Encrinal  band.  This  species  is  not 
uncommon  in  the  shales  forming  the  falls  below  the  Encrinal  in  the 
Kashong  Creek  section. 

Family  AULOPORID^  Nicholson. 

GrenuB  -A^TJIjOFOR-A.  GroldfUss. 
11.  Anlopora  serpeni  Goldftiss. 
G^eol.  Snr.  Mich.,  1873-1876,  p.  81,  pi.  33. 
Two  very  imperfect  fragments  of  this  species  were  found. 

GreniiH  CKR-A.TOI»OR-A.  Grrtibati. 

12.  Ceratopora  dichotoma  Grabau. 

Proc.  Bob.  Soc.  Nat.  His.,  vol.  23,  1899,  p.  418,  pi.  4. 

This  species,  with  well-marked  characters,  was  found  in  Zones  F  and 
O.  Excellent  specimens  also  occur  above  the  Encrinal  at  Kashong 
Creek. 

Family  SYRINGOPORIDyE  E.  &  II. 

GJ-eniiH  SYRINOOFOK^  G!-oUlf\iHH. 

13.  Syringopora  np.  undet. 

Geol.  Sur.  Mich.,  vol.  8,  1873-1870,  p.  79. 

A  colony  of  this  genus  10  or  12  feet  long  and  5  to  8  inches  in  thick- 
ness occurs  in  the  lower  part  of  Zone  D.  The  specific  characters  are 
not  distinct  enough  to  warrant  a  specific  identification.  The  **  Basal 
limestone"  of  the  Slate  Rock  Run  (Seneca  Lake)  contains  many 
colonies  of  this  coral. 
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Family  CH^TETID^  E.  &  H. 

14.  Chstetei  frnotioofa  Hall, 
m.  Dev.  Fo8.  Hall,  1876,  pi.  38. 

A  few  specimens  of  this  species  were  obtained  from  the  upper  ijor- 
tion  of  the  Upper  and  Lower  Hamilton. 

Other  species  of  Chceietes  were  found,  but  were  too  imperfect  to 
permit  of  definite  identification. 

Snbkingdom  ECEEINOIDERM^T^. 

Class  CRINOIDEA  Miller. 

With  the  exception  of  three  poorly  preserved  si)ecimens,  the  crinoids 
are  represented  by  crinoid  joints  and  a  very  few  plates.  No  other 
class  of  Echinodermata  was  found. 

G-enus  G-R.AJ^-A.'TOCRIN-TJS  TVoost. 
15.  OranatoerinuB  (FentremUii)  leda  Hall. 

Fifteenth  Rept.  N.  Y.  State  Mns.  Nat.  Hist.,  1862,  p.  149,  pi.  1. 

A  complete  but  badly  crushed  specimen  of  this  species  was  found 
in  Zone  O.     Radial  plates  were  obtained  from  Zones  T  and  I. 

Oenus  .AJS"CYROCRINXJS  tLviW. 
16.  Ancyroorinns  bnlbosas  Hall. 

Fifteenth  Rept.  N.  Y.  State  Mus.  Nat.  Hist.,  1862,  p.  90,  pi.  1. 
A  specimen  of  this  species  was  found  in  Zone  L. 

G-enus  IDICHOCRINXTS  MUriBter. 
17.  Diohocrinm  sp.t 

A  body  without  arms,  from  Zone  I,  was  doubtfully  referred  to  this 
genus. 

18.  Crinoid  stemB  and  plates. 

The  centers  of  abundance  of  crinoids,  as  is  shown  by  the  stems, 
joints,  and  plates,  are,  in  this  section,  in  Zones  D,  F,  L,  M,  N,  S,  and  Y. 
For  a  faunal  study  a  record  of  these  crinoid  ivmains  is  as  imix>rtant 
as  the  record  of  any  other  fossil. 

Bryozoa  flourished  wlien  the  conditions  were  favorable  to  the 
development  of  crinoids.     The  only  exception  is  Zone  F. 
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Subkingdom  VERMES. 

9iitK>raer  TUBICOLA. 

Grenus  SPIXIORSIS  Datidin. 

19.  Bpirorbii  angulatni  Hall. 

Fifteenth  Rept.  N.  Y.  State  Mns.  Nat.  Hist.,  p.  84. 

A  few  casts  of  this  tube  were  found  on  an  Orthocercut  in  the  upper 
Marcellus. 

Siabkingdom  ]VtOLLXJ8COII3E^. 
Class  BRYOZOA  Ehrenberg. 

A  number  of  genera  and  species  of  Bryozoa  not  included  in  the 
following  list  were  found.  The  great  amount  of  time  necessary  to 
make  accurate  identifications,  together  with  the  imperfect  condition 
of  these  fossils,  made  a  more  complete  list  impossible.  The  centers 
of  abundance  of  this  class  are  Zones  D,  L,  S,  and  Y. 

Order  GYMNOL^MATA  Allman. 

Stit)oraer  CYCI^OSXOMAXA  Busk:. 
Family  DIASTOPORID^  Busk. 

G-enus  HEIDERELLA  Hall. 
20.  HedereUa  canadeniis  Nicholson. 

Pal.  N.  Y.,  vol.  6,  1887,  p.  277^  pi.  ft5. 
A  mass  of  this  parasitic  bryozoan  was  found  in  Zone  Y. 

O-entis  REI>rr-A.RIA  Rolle. 
21.  Septaria  Btolonifera  Rolle. 

G.  B.  Simpson,  Handbook  N.  A.  Pal.  Bry..  p.  599,  pi.  25. 

This  species  was  found  in  the  Marcellus  shale  incrusting  an  Ortho- 
ceras^  and  in  Zone  Y  incrusting  a  goniatite.     It  is  rare  in  this  region. 

Siaborder  CRYF^XOSTOrvIAXA  Vine. 
Family  CYSTODICTYONID/E  Ulrich. 

Grenus  T-^^ejs-joJPOKA.  N"icliolKon. 
22.  Tseniopora  exigua  Nicholson. 
Pal.  N.  Y.,  vol.  6,  1887,  p.  263,  pi   62. 

A  few  specimens  of  this  species  were  obtained  from  Zone  Y.  It  is 
very  rare  here,  and  is  so  reported  from  Eighteenmile  Creek. 
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G^entiM  CYSTODIC'X'Y-A.  TJlriolx. 

*  28.  CyBtodiotya  inoisnrata  Hall. 

Pal.  N.  Y.,  vol.  6,  1887,  p.  241,  pi.  40. 

This  is  by  far  the  most  abundant  bryozoan  in  the  section.  In  Zone 
Y  almost  every  piece  of  shale  contains  a  fragment.  It  is  common  in 
the  ^^ Stictopora  zone"  of  Grabau  at  Eighteenmlle  Creek. 

Family  FENESTELLID^:  King. 

G^iMixiH  I^OIiYl?ORA  McCoy. 
24.  Folypora  multiplex  Hall. 

Rept.  State  Geol.  N.  Y.,  1886,  p.  66,  pi.  11. 

A  specimen  of  this  species  showing  the  cellular  face  was  found  in 
Zone  S.  A  great  many  specimens  showing  the  noncellular  face  may 
be  of  this  genus  and  species,  but  can  not  be  positively  identified  as 
such. 

26.  Bryosoa,  undet. 

The  distribution  of  Hryozoa  is  give/i  under  crinoid  stems. 

Class  BRACHIOPODA. 

The  classification  of  l^rachiopoda,  as  given  by  Schuchert  in  Bulle- 
tin No.  87  of  the  United  States  Geological  Survey,  is  used  throughout 
this  paper. 

AdjuMinenf  to  environment, — It  was  found  in  the  study  of  the  fau- 
nulos  of  the  Hamilton  formation  that  the  Brachiopoda  were,  as  a  rule, 
more  closely  adjusted  to  their  environment  than  the  Pelecypoda. 
This  is  shown  in  the  greater  definit-eness  of  the  faunule  combinations 
of  the  Hrachiopoda  and  in  the  often  sudden  disappearance  of  every 
abundant  si)ecies,  and  even  genera,  with  an  apparently  slight  change 
of  sedimentation,  and  their  equally  sudden  reappearance  upon  the 
substitution  of  favorable  conditions.  The  table  of  faunal  zones  at 
the  end  of  the  paper  makes  further  comment  unnecessary. 

Order  ATREMATA  Beecher. 

Superfamily  LINGULACEA  Waagen. 

Family  LINGULID.E  Gray. 

26.  Lingala  delta  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  12,  pi.  2. 

Zone  V  {Orbiculoldea  zone)  contains  excellent  specimens  of  this 
species,  fully  l*5  mm.  in  length  and  10  mm.  in  width.  It  is  rare  in 
every  i)art  of  the  section,  but  is  o(M*asionally  found  between  Zone  D 
and  Zone  V. 
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27.  Lingnla  deasa  Hall. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  11,  pi.  2. 

A  specimen  from  Zone  T  was  more  closely  related  to  this  than  to 
any  other  species  described  by  Hall.  It  measured  12  mm.  in  length 
and  8  mm.  in  width. 

28.  Lingnla  ligea  Hall. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  7,  pi.  1. 

Three  specimens  from  Zones  1,  X,  and  Y,  4  mm.,  4  mm.,  0  mm.  in 
length  and  2  mm.,  2^  mm.,  and  5  mm.  in  width,  resi>ectively,  were 
referreil  to  this  species. 

OenuH  DIGJ-NOMIA.  Hall. 
29.  Dlgnomia  alveata  Hall. 

(Lingula  alveata)  Pal.  N.  Y.,  vol.  4.  1867,  p.  12,  pi.  2. 

One  plainly  marked  specimen  of  this  species  was  found  in  the 
Encrinal.  The  same  species  is  reported  from  tlie  upper  portion  of 
the  Upper  Hamilton  at  Livonia. 

Order  TELOTREMaVa  Beecher. 

Superfamily  RHYNCHONELLACEA  Schuchert. 

Family  RIIYNCHONELLID^  Gray. 

OeniiH  CyVMAltOrCECHIA.  Hall  aiitl  Clarke. 
30.  CamarotoDchia  congregata  Conrad. 

(Bhynchanella  congregata)  Pal.  N.  Y.,  vol.  4,  1867,  p.  341,  pi.  54. 

This  species  is  very  rare,  being  found  in  but  four  zones.  The 
specimens  are  few  and  so  poorly  preserved  that  it  is  difficult  to  make 
a  specific  identification  with  certainty. 

31.  CamarotoBchia  dotis  Hall. 

(Rhynchonelia  dotis)  Pal.  N.  Y.,  vol.  4,  1867,  p.  .344,  pi.  54A. 

In  the  crystalline  limestone  of  the  Encrinal  bed.  Zone  L,  a  num- 
ber of  specimens  possessing  tlu*  characteristics  of  this  species  were 
found. 

32.  CamarotcBchia  horsfordi  Hall. 

{Rhynchonelia  horsfordi)  Pal.  N.  Y.,  vol.  4,  1867,  p.  339,  pi.  54. 
This  species  was  found  in  the  Encrinal  bed  and  in  Zone  Y. 

33.  CamarotoBchia  proliflca  Hall. 

{Rhynclionella  jjrolifica)  Pal.  N.  Y.,  vol.  4,  1867,  p.  343,  pi.  54A. 

Specimens  from  dve  zones  were  referred  to  this  species.  The  spec- 
imens are  so  crushed  that  the  idiMitifi cation  in  some  cases  is  doubtful 
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84.  CamarotcBchia  tappho  Hall. 
(Rhynchonella  sappho)  Pal.  N.  Y.,  vol.  4,  1867,  p.  340,  pi.  64. 

The  specimens  of  this  species  were  well  preserved.  They  were 
found  in  the  Encrinal  bed,  Zone  D,  and  in  the  Cystodictya  zone  (Y). 

G-enuH  IIYr»0^riIYKIS  Kins. 
85.  Hypothjrrii  cnboides  Sowerby. 

Pal.  N.  Y.,  vol.  8.  pt.  2,  1893,  p.  200,  pi.  60. 

(Rhynclumdla  ventistula)  Pal.  N.  Y.,  vol.  4,  1867,  p.  346,  pi.  54A. 

Nodules  almost  completely  made  up  of  this  species  were  found 
embedded  in  the  shale  on  the  contact  with  the  Tully  limestone.  This 
species  was  of  considerable  importance  in  correlating  the  Tully  lime- 
stone with  the  Upper  Devonian  of  Europe.  The  occurrence  of  this 
species  in  the  Hamilton  shales  at  Cayuga  Lake  shows  that,  in  this 
region  at  least,  the  migration  took  place  while  the  muds  of  the  Hamil- 
ton formation  were  still  soft,  and  that  the  conditions  were  very  favor- 
able for  a  rapid  development. 

This  genus  appeared  to  be  well  adapted  to  conditions  unfavorable 
to  all  but  a  few  species.  In  this  section  it  is  always  found  in  greatest 
abundance  where  other  species  are  rare.  The  fine  muds  of  the  first, 
second,  and  third  Leiorhynclius  and  the  Orbiciiloidea  zones  were 
especially  favorable  for  its  development.  The  change  of  species  of 
this  genus  between  the  Marcellus  (L.  limitare)  and  the  Hamilton  {L, 
lav/ra)  did  not  materially  affect  the  faunules. 

86.  LeiorhynchuB  lanra  Billings. 
(L.  multicosta  Hall)  Pal.  N.  Y.,  vol.  4,  1867,  p.  358,  pi.  56. 

This  species  attains  its  gi*eatest  size  and  abundance  in  the  Orhicu- 
loidea  zone  (V).  In  this  zone  one  specimen  from  a  concretion  meas- 
ured 28  mm.  in  length  and  27  mm.  in  width.  Another  concretionary 
layer  in  the  second  Leiorhynchus  zone  (C)  afforded  large,  perfect 
sx)ecimens.  It  is  found  throughout  the  section  in  thin  layers  of  fine 
shale.  These  layers,  which  are  a  fraction  of  an  inch  thick,  are  occa- 
sionally almost  entirely  made  up  of  flattened  specimens.  This  is 
especially  true  of  the  first,  second,  and  third  Leiorhynchus  zones. 
This  species  appears  immediately  above  the  limestone  capping  the 
Marcellus  shale.  Although  L,  lirmtare  is  very  abundant  below  this 
limestone,  it  does  not  appear  above  it.  Several  doubtful  specimens 
found  in  Zone  E  had  somewhat  the  appearance  of  L.  dubium  Hall. 
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87.  Leiorhynohni  limitare  Vannzem. 
(L.  limitaris)  Pal.  N.  Y.,  vol.  4,  1867,  p.  356,  pi.  56. 

In  the  Cayuga  Lake  section  this  species  is  confined  to  the  Marcellus 
shale.  It  is  preserved  in  an  almost  perfect  condition  in  the  concre- 
tions underlying  the  falls  in  Great  Gully  Creek,  near  Parleys  post- 
office. 

Supcrfamily  TEREBRATULACEA  Waagen. 
Family  CENTRONELLID^  Hall  and  Clarke. 

Grenus  CENTRONKLJl.A  Billings. 
88.  Centronella  impresBa  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  402,  pi.  61  A. 

A  considerable  number  of  specimens  of  this  species  preserved  the 
exterior  and  interior  of  the  dorsal  and  the  exterior  of  the  ventral 
valve.  The  average  size  is  about  14  mm.  in  length  and  11  mm.  in 
width.  This  rare  but  strongly  marked  species  is  restricted  to  the 
Encrinal  bed  (Zone  L)  at  Cayuga  Lake,  and  is  found  only  in  the 
Encrinal  at  Eighteenmile  Creek. 

Family  TEREBRATITLID^  Gray. 

Subfamily  MEGALANTERIN^E  Waagen. 

O-enuH  CRYI^TONELXiA  Hall. 

89.  Oryptonella  planirostris  Hall. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  395,  pi.  61. 

A  single  individual  of  this  species  was  found  in  the  upper  portion 
of  Zone  D.  At  Eighteenmile  Creek  it  is  found  commonly  in  the 
Encrinal  and  rarely  in  two  zones  in  the  Lower  Hamilton. 

t*.    Oryptonella  rectirostris  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  394,  pi.  61. 

The  specimens  of  this  species  are  all  somewhat  flattened  and  bear 
a  resemblance  to  Eunella  lincklceni.  They  are,  however,  more  angular 
and  the  beak  is  not  so  much  incurved  as  in  E.  Uncklceni,  They  are 
restricted  to  Zone  D.  At  Eighteenmile  Creek  this  species  is  found 
in  a  calcareous  bed  near  the  base  of  the  Lower  Hamilton,  but  nowhere 
else  in  that  section. 
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Subfamily  TEREBRATULIN^C  Dall. 

G-enuH  KTJN-KLLA  Hall  and.  Clarke. 
41.  Bnnella  lineklmii  Hall. 

{Cryptonella  lincklceni)  Pal.  N.  Y.,  vol.  4,  1867,  p.  397,  pi.  60;  vol.  8,  pt.  2, 
p.  290. 

This  species  is  restricted  to  Zones  D,  L,  and  the  upper  portions  of  X 
and  Y.  The  specimens  are  often  exfoliated,  but  are  not  crushed  and 
can  readily  be  identified.  It  is  not  rei>ort4Hl  from  Livonia  or  Eighteen- 
mile  Creek. 

Family  TEREBRATELLID^.  King. 

Subfamily  TROPIDOLEPTIIN^C  Schuchert. 

G-oxiuM  T'ROr»II>OLKTTUS  Hull. 
42.  Tropidoleptof  oarinatni  Coiirad. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  407,  pi.  62. 

The  characteristic  fossil  ranges  from  the  Hamilton-Onondaga  zone 
(A)  to  the  contact  of  the  Tully  and  Hamilton.  In  the  Cayuga  Lake 
section  it  seemed  to  thrive  best  in  the  calcareous  sediments.  Speci- 
mens from  Zones  Y,  P,  and  K  measured  25  mm.  in  length  and  30  mm. 
in  width,  the  average  size  being  20  by  25  mm. 

The  occurrence  of  T,  carinatus  in  Zone  A  shows  that  the  migra- 
tion of  this  species  must  have  taken  place  as  early  as,  and  probably 
during,  the  oscillation  which  closed  Onondaga  and  Ijegan  Marcellus 
time.  The  changes  in  level  which  ushered  in  the  Marcellus  must 
have  been  widespread,  and  it  is  probable  that,  at  this  time,  the  con- 
nection between  North  America  and  South  Americ*a  was  such  that  a 
migration  of  si>ecies  was  permitted.  Rathbun's  sandstone  of  Maecurii 
and  Curua,  which  contains  Afiojylotheca  flahelJites,  Vihdina  pustidosa 
and  Trajyiclolejjtus  earinatusy  was  correlated  with  the  Marcellus  and 
Onondaga  because  of  the  mixture  of  Onondaga  and  Hamilton  si)ecies. 
Thus  far  V,  iniiitxdosa  has  not  been  found  lower  than  Zone  D,  but, 
accepting  Rathbun's  correlation,  it  should  be,  and  may  yet,  be  found 
as  low  as  T,  car  hiatus,  if  the  migration  took  place  at  this  time. 

The  only  variations  noted  are  between  the  smaller  specimens  from 
the  less  calcareous  shales,  which  are  sometimes  almost  mucronat«, 
and  the  large  forms  of  the  calcareous  shales  which  are  rounded  on  the 
cardinal  angle.  The  fact  that  the  young  are  always  less  rounded 
than  the  older  ones  indicates  that  in  the  finer  shales  the  individuals 
did  not  reach  maturity. 

In  eastijrn  New  York  where  the  sediments  remain  of  very  much  the 
same  character  throughout  the  Hamilton  and  Ithaca  groups,  T,  carir 
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naius  extends  into  the  Chemung.  In  western  New  York  it  disap- 
pears with  the  close  of  the  Hamilton.  This  species,  unlike  its  associ- 
ate in  South  America,  F.  puskdosay  is  found  in  Europe.  In  North 
America  it  has  not  been  reported  farther  south  than  Jackson 
County,  111. 

Supcrfamily  SPIRIFERACEA  Waagen. 

Family  ATRYPII)^]  Gill. 
Subfamily  ATRYPIN^E  Waagen. 

OemiM  ^VTR^'I^^V  Dalixian. 

43.  Atrypa  reticulariB  Linnxeus. 

Pal.  N.  Y.,  vol.  4,  \mi,  p.  316,  pi.  51-5:3 A. 

This  fossil  is  not  by  any  means  a  common  one  in  this  section.  It  is 
abundant  in  the  upper  25  feet  below  the  Tully  limestone  and  common 
in  the  Stropheodonfa-coraWmi't  zone  (S).  Elsewhere  it  is  seldom  seen. 
The  sjiecimens  are  of  the  usual  form  and  surface  markings. 

Family  SPIRIFERID^  King. 
Subfamily  SUESSIIN^C  Waagen. 

GrenuH  CYRTI:N"A  T>avidson. 

44.  Cyrtina  hamUtoneiLiiB  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  268,  pis.  27  and  44. 

This  is  a  rare  species  throughout  the  section.  It  is  occasionally 
found  in  Zone  D,  but  elsewhere  it  is  rare.  At  Eighteenmile  Creek  it 
is  common  in  a  few  feet  of  shale  near  the  top  of  the  Lower  Hamilton. 

Subfamily  TRIGONOTRETIN^E  Schuchert. 

45.  Spirifer  aadaoalns  ( -onrad. 

(S.  medialiH)  Pal.  N.  Y.,  vol.  4,  1867,  p.  227,  pi.  :i8. 

« 

The  vertical  distribution  of  this  species  is  almost  as  uniform  as  that 
of  S.  2)ennatiLs.  Hall  says  that  it  is  an  abundant  species,  coming  next 
to  S.  pennatiis  in  the  numter  of  individuals.  The  greatest  abun- 
dance of  the  species,  in  the  Cayuga  Lake  section,  is  20  or  25  feet 
below  the  Tully.  It  is  wanting  in  the  second  Leiorhynchus  zone  and 
very  rare  in  the  low(*r  half  of  the  Lower  Hamilton.  The  form  is  very 
variable.  It  is  impossible  to  tell  in  poorly  preserved  individuals 
whether  the  specimens  are  S.  audaculus  ov  S.  aiidacidu.s  macroiwtus. 
At  Eighteenmile  C'reek  it  has  four  zones  of  abundance,  two  near 
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the  base  of  the  Hamilton, 'one  a  foot  below  and  one  a  foot  above  the 
Encrinal.  In  the  intervening  space  between  the  zones  of  abundance 
the  species  is  either  very  rare  or  wanting. 

46.  Spirifer  aadaculns  macronotot  Hall. 

Pal.  N.  Y.,  vol.  4.  1867,  p.  231,  pi.  38a. 

This  variety  of  S.  audaculxiB  is,  in  its  extreme  form,  readily  distin- 
guished from  S,  audacuhis^  but  the  intermediate  forms  are  difficult  to 
determine.  In  this  identification  all  doubtful  forms  were  called  8. 
audaculus, 

47.  Spirifer  divarioatns  Hall. 
Pal.  N.  Y..  vol.  4,  1867,  p.  218,  pi.  32. 

This  species  was  found  only  in  the  Encrinal  bed  (Zone  L)  and  in 
Zone  D.  In  the  former  it  was  not  uncommon,  but  in  the  latter  only 
one  fragment  was  obtained.  The  markings  of  this  fossil  are  so 
characteristic  that  there  can  be  no  doubt  as  to  the  identification.  The 
bifurcating  plications  and  fine  imbricating,  lamellose  stride  are  seen 
in  all  the  specimens.  It  is  reported  fmm  the  17  feet  of  soft  shales 
immediately  overlying  the  Encrinal  at  Livonia,  but  has  not  been  noted 
as  occurring  at  Eight^enmile  Creek. 

S,  divarwatus  is  an  Onondaga  species  which  was  able  to  survive 
the  conditions  of  the  Hamilton.  Hall  and  Clarke  say  that  it  is  the  only 
representative  of  this  type  of  structure  (arrangement  of  the  plications) 
in  the  Hamilton  faunas,  but  from  the  Upper  Devonian  onward  the 
species  multiply  rapidly,  becoming  most  abundant  and  varied  in  the 
different  faunas  of  the  Lower  Carboniferous  and  continuing  until  the 
close  of  Paleozoic  time. 

48.  Spirifer  granuloiUB  Conrad. 

{S,  granulifera  Hall)  Pal.  N.  Y.,  vol.  4,  1867,  p.  228,  pi.  36;  vol.  8,  pt.  2,  p.  89. 

In  this  section  the  range  of  this  species  is  from  the  first  Terehraivla 
zone  (D)  to  the  Tully  limestone,  a  distance  of  over  400  feet.  It  is 
found  commonly  in  but  three  zones,  I,  L,  and  X.  At  Eightoenmile 
Creek  it  is  wanting  in  the  shales  al>ove  the  Encrinal  beds.  In  this  sec- 
tion it  is  especially  common  above  and  including  the  Encrinal.  This 
is  one  of  a  number  of  species  which  show  how  little  one  can  depend 
on  a  single  species  in  correlating  the  smaller  divisions  of  a  formation 
like  the  Hamilton.  Species  which  are  restricted  to  the  Lower  Hamil- 
ton at  P^ighteenmile  Creek  or  Livonia  are  sometimes  restricted  to  the 
Upper  Hamilton  in  this  section  or  are  found  throughout  the  section, 
or  vice  versa. 

The  characters  of  the  species  are  quite  uniform.  The  variety 
described  by  Hall  as  S.  dinUmi^  but  not  recognized  by  Schuchert, 
was  found  in  Zone  T.  The  measurements  are:  75  by  55  mm.  for  the 
largest  and  35  by  20  mm.  for  the  smallest  specimens. 
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49.  Spirifer  mareyi  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  226,  pi.  37. 

This  spirifer  is  confined  to  the  upper  15  feet  of  this  section  and  is 
most  common  within  5  feet  of  the  TuUy.  It  is  not  reported  as  occur- 
ring below  the  Encrinal  in  any  part  of  the  State.  The  largest  speci- 
men measured  90  mm.  in  width  and  30  ram.  in  length.  No  other 
spirifer  found  in  this  section  is  so  well  preserved  and  so  striking. 
This  fossil  has  not  been  found  at  Eighteenmile  Creek.  Clarke 
reports  it  in  the  upper  160  of  the  Hamilton  of  the  Livonia  salt  shaft 
section.  It  is  found  in  the  upper  50  feet  of  the  Upper  Hamilton  in 
the  Kashong  (Seneca  Lake)  section. 

60.  Spirifer  pennatna  Atwater. 
(S.  mucronata)  Pal.  N.  Y.,  vol.  4,  1867,  p.  216,  pi.  34. 

No  other  species  is  found  so  commonly  from  Zone  D  to  the  TuUy 
limestone  as  is  this  one.  It  is  wanting  only  in  the  fine  shales  of 
Zone  Q,  the  1^  feet  of  crystalline  Encrinal  beds,  and  in  Zone  E.  In 
the  Eighteenmile  Creek  section  it  is  common  below  the  Encrinal  but 
extremely  rare  above. 

8.  pennatus,  at  Cayuga  Lake,  is  variable  in  three  particulars:  (1) 
Gibbosity;  (2)  surface  markings;  (3)  in  the  length  of  the  mucrona- 
tions.  These  variations  are  not  progressive.  A  specimen  which  is 
gibbous  is  usually  shorter  and  has  fewer  but  stronger  imbrications 
than  the  mucronate  and  flat  kinds.  There  is  no  difficulty  at  any 
time  in  distinguishing  the  extremes  of  this  species  as  developed  at 
Cayuga  Lake  from  Delthyris  consobrina  on  the  one  hand  and  Spiri- 
fer audacvlus  on  the  other. 

61.  Spirifer  tnUiuB  Hall. 
(5.  iullia)  Pal.  N.  Y.,  vol.  4,  1867,  p.  218,  pi.  ai. 

Spirifer  tuUiits  is  not  abundant  in  any  part  of  the  section  nor  has 
it  a  great  vertical  range.  With  the  exception  of  ^ve  or  six  specimens, 
which  were  found  immediately  below  the  Encrinal  beds,  the  species 
is  confined  to  the  Upper  Hamilton. 

The  characteristic  fine  striations  are  usually  distinct  except  in  the 
Encrinal,  where  tlie  shell  has  l)een  exfoliated  in  working  it  out  of  the 
limestone.  One  of  the  largest  specimens  from  Zone  I  measured  16 
mm.  in  width  and  14  mm.  in  length.  One  specimen  from  Zone  I 
measured  17  mm.  in  width  and  13  or  14  mm.  in  length. 

62.  Spirifer  macrnB  Hall. 
{S.  viacra)  Pal.  N.  Y.,  vol.  4,  1867,  p.  190,  pi.  27. 

This  species  was  found  (mly  in  Zone  A,  12  feet  above  the  Onondaga 
(Corniferou.s)  limestone.     It  is  associated  ViWi  0\io\i(i^«>»  WDA'^^"^JCK^- 
ton  fossils,     (See  Zone  A.) 
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O-enuH  UH:L.^rHYRIS  Dalniaxi. 
58.  Belthyrit  ooniobrina  d'Orbigny. 

{SpiHfera  ziczac)  Pal.  N.  Y.,  vol.  4,  1867,  p.  323,  pi.  35. 

Spirifer  pennatus  occasionally  approaches  this  species  in  its  form 
and  surface  markings,  the  imbricating  lamellae  being  sometimes 
strongly  arched  and  finer  than  normal.  The  number  of  plications  of 
Z).  CAjii^obrinci  is,  however,  always  less.  In  this  section  there  is 
no  difficulty  in  distinguishing  between  the  extreme  forms  of  the  two 
species.  This  fossil  is  fairly  common  in  Zones  R  and  S,  but  is  rare 
elsewhere  in  the  section.  At  Eighteenmile  Creek  it  is  found  only 
above  the  Encrinal,  where  it  is  restricted  to  two  zones.  It  is  not 
reported  from  Livonia. 

54.  DelthyriB  MiQptiliB  Hall. 

(SpiHfera  scuJptilis)  Pal.  N.  Y.,  vol.  4,  1867,  p.  221,  pi.  35. 

This  species  is  not  uncommon  in  a  weathered  layer  of  the  upper 
part  of  Zone  D.  It  was  not  found  elsewhere  in  the  section.  At 
Eighteenmile  Creek  it  occurs  only  in  the  Encrinal.  At  Livonia  it  is 
found  in  two  zones  above  the  Encrinal. 

GreniiH   IVtA^RTINTA  IVIoCoy. 

55.  Martinia  Bnbnmbona  Hall. 
(Spirifera  subumbona)  Pal.  N.  Y.,  vol.  4,  1867,  p.  234,  pi.  33. 

A  very  few  specimens  of  this  species  were  found  in  Zone  T.  The 
surface  markings  could  not  be  made  out,  but  the  general  form  was  in 
accord  with  th(^  descriptions.  One  specimen  measured  15  mm.  in 
length  and  15  mm.  in  width. 

G-eiiuH  AM:B0CCET^T^V  Hall. 
56.  AmboccBlia  prsBimiboxia  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  262,  pi.  44. 

This  species  has  a  very  limited  vertical  range  in  this  section.  It  is 
found  in  Zone  U  as  a  center  and  a  foot  or  two  al>ove  and  below.  The 
si>ecimens  are  rather  smaller  than  the  type  specimens,  but  are  quite 
characteristic.  At  Livonia  it  is  restricted  to  the  Upper  Hamilton, 
and  is  common  in  but  one  zone,  48  feet  thick,  the  lowest  part  of 
which  is  17  feet  above  the  Encrinal.  It  is  rarelv  found  above  this. 
At  Eight (»en mile  Creek  it  is  restricted  to  the  3^  feet  at  the  top  of  the 
Upper  Hamilton.  It  might  be  inferred  from  its  occurrence  in  these 
three  sections  that  it  is  a  characteristic  Upper  Hamilton  fossil.  In 
the  Kashong  (Seneca  Lake)  section  it  is  restricted  to  the  upper  por- 
tion of  the  Upj)er  Hamilton.  The  fact  that  it  has  not  l)een  found 
east  of  Cayuga  Lak<3  or  west  of  New  York  Stato  indicates  that  it 
originated  in  this  region. 
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57.  AmboooBlU  umbonata  Conrad. 
Pal.  N.  Y..  vol.  4,  1867,  p.  359,  pi.  44. 

The  gregarious  character  of  this  8|)ecie8  \h  well  shown  iu  a  descrip- 
tion in  one  of  the  old  New  York  reports.'*  In  Hpeakiug  of  the  shale 
at  Eighteenmile  Cre^k,  Hall  says:  "The  lower  part  of  this  shale  rest- 
ing on  the  Encrinal  beds  is  coni[)letely  lilled  with  a  small  Orthis  or 
Steiiecesma  {AnibocaJia  umbotuitd).  This  spec'ies  so  abounds  that  in 
some  places  there  is  scarcely  enough  shaly  matter  to  cause  the  mass 
to  cohere."  In  the  second  Ambocoelki  zone  (R),  describe<l  elsewhere, 
A,  umbonata  has  a  remarkable  development.  Elsewhere  in  the  sec- 
tion layers  an  inch  or  less  in  thickness  were  found  which  were  almost 
completely  made  up  of  them.  In  actual  numbers  there  are  a  great 
many  more  A.  tirnbouata  than  any  other  fossil.  It  extends  from  Zone 
A  to  Zone  Y.  Its  vertical  range  is  equally  great  at  Livonia  and  at 
Eighteenmile  Creek.  The  absence  of  TropidolepUis  carinatu^  wher- 
ever J.  uvibonata  flourishes,  and  vice  versa,  is  noticeable  both  here  and 
at  Eighteenmile  Creek.     Pluicaps  rana  is  an  associated  fossil. 

The  variations  of  this  si>e(;ies  are  principally  confined  to  surface 
markings,  although  variation  in  size  is  common. 

Dr.  J.  M.  Clarke  describes  A,  spinosa  from  the  Livonia  section:* 
*' Surface  bearing  faint  traces  of  concentric  lines  and  covered  with 
numerous  elongate  depressions  which  were  probably  the  bases  of 
insertion  of  epidermal  spines."  A  number  of  individuals  answering 
this  description  fairly  well  were  found  in  Zone  U,  but  were  included 
with  A.  urnbonata.  Specimens  covered  with  elongated  pits  resembling 
A.  unibonataysiT.  iian^i,^  described  by  Grabau,  have  also  been  included 
with  A.  umbonata, 

O-enuH  KKTICTJl^iVRIiV  MoCoy. 

68.  Retionlaria  flxnbriata  Conrad. 

{Spirifer  fimXrHata)  Pal.  N.  Y.,  vol.  4, 1S67,  p.  214,  pi.  83. 

In  this  section  K.  fimbnata  extends  from  Zone  I)  to  Zone  Y,  but  is 
never  abundant.  Aside  from  Zones  1),  N,  and  Y  it  is  very  rare.  At 
tjivonia  it  is  not  reported  lower  than  th(^  Kncriual,  while  at  Eighteen- 
mile  Creek  it  does  not  occur  alM)ve  the  Encrinal. 

Family  ATHYRID.K  Phillips. 

Subfamily  HINDELLIN/E  Schuchert. 
C^einiH  N"TJCL.KC)Sl»IIi^V    Hall. 
69.  NncleoBpira  concinna  Hall. 
Pal.  N.  Y.,  vol.  4,  1H67,  p.  279,  pi.  45. 

This  is  a  rare  species  in  all  parts  of  th<»  solution,  and  although  it 
occurs  in  the  highest  zone  (Y)  and  in  Zone  I),  it  was  found  in  but  two 

n  Fifth  Annual  Report,  Gt>ol.  Sur.  N.  Y.,  1841,  p.  J«4. 
''Report  N   Y.  State  Geol.,  vol.  1,  IWW.  p.  177,  pi.  4. 
<* Sixteenth  Ann.  Report  Stato  Oeol.  N.  Y.,  1806,  p.  :377. 

Bull.  200—03 4 
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other  zones — S  and  L.     The  specimens  have  either  the  surface  mark- 
ings preserved  or  the  muscular  scars  distinct. 

At  Livonia  it  is  reported  as  occurring  only  in  a  concretionary  layer 
50  feet  above  the  Encrinal.  At  Eighteenmile  Creek  it  is  very  common 
in  the  upper  foot  of  the  T-K)wer  Hamilton. 

60.  Anoplotheca  eamiUa  Hall. 
{CfBleospira  Camilla)  Pal.  N.  Y.,  vol.  4,  1867,  p.  329,  pi.  52. 

This  species  was  found  at  the  base  of  the  Marcellus,  in  Zone  A, 
associated  with  Hamilton  and  Onondaga  (Corniferous)  species.  Two 
individuals  measured  6  mm.  and  54^  mm.  in  length  and  6  mm.  and  5^ 
mm.  in  width,  respectively. 

A  layer  of  limestone  9  feet  above  the  Onondaga  limestone,  in  the 
Livonia  salt  section,  contained  this  same  species  associated  with  an 
even  more  characteristic  Hamilton  fauna,  but  it  does  not  appear  in 
the  typical  Hamilton  faunules. 

• 

a-enuH  VrrXJTalNJS.  Kail. 

61.  Yitnlina  pnstnlosa  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  410,  pi.  62. 

In  the  Cayuga  Lake  section  Vitulma  piistiUosa  is  restricted  to  the 
Encrinal  beds  and  Zone  D,  two  rather  thin  zones  over  150  feet  apart, 
and  to  the  Encrinal  bed  at  Eighteenmile  Creek.  Prof.  C.  S.  Prosser 
reports  it  as  occurring  in  Schoharie  County  in  the  uppermost  portion 
of  the  Hamilton,"  and  in  what  is  apparently  the  Lower  Hamilton,  at 
Marshall  Falls  post-office  in  eastern  Pennsylvania.* 

In  South  America  this  species  occurs  throughout,  not  only  what  is 
correlati^d  with  the  Hamilton,  but  the  entire  Devonian.  In  Bolivia  it 
is  reported  by  Steinmann  from  the  '*Conularia  Schiehten,"  which  he 
correlated  with  the  Onondaga  and  Marcellus,  and  in  the  Huamam- 
panipa  sandstone,  which  is  correlated  wiih  and  includes  the  Hamilton, 
the  Upper  Devonian,  and  perhaps  the  Lower  Carboniferous.  In 
Brazil  it  is  found  in  the  sandstone  of  Maecurti  and  Curua  (Onondaga 
and  Marcellus)  and  in  the  Erere  sandstone  (Hamilton)  of  Rathbun. 
In  middle  Argentina,  Kayser  found  it  in  the  '*  Kalkig  sandig  Banke" 
of  '*0.  von  Jachalthal"  (Onondaga  and  Marcellus).  In  South  Africa 
it  was  collected  by  Schenk  in  the  Bokkenveld  Mountains.  At  the 
present  writing  it  has  not  been  reported  from  Europe. 

Two  specimens  from  Zone  D,  at  Cayuga  Lake,  measured  10  and  8  mm. 
in  width.  Sand  G  mm.  in  length,  and  4  and  3  mm.  in  thickness.  Two 
specimens  from  the  Encrinal  measured  11  by  7  mm.  and  11  by  10  mm. 


n  Pro8»cr,  N.  Y.  (leol.  Sur.,  1H»>.  b  Bull.  120,  U.  S.  G.  S.,  p.  21. 
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In  the  Gayaga  Lake  section  this  species  in  confined  to  two  calcare- 
ons  layers,  Zones  D  and  L.  At  Eashong  Creek  it  occurs  in  the  fine 
shales  underlying  the  Tully  and  in  the  fine  black  shales  overlying 
the  ^'  Basal  limestone.'^ 

Subfamily  ATHYRIN/E  Waagen. 

G-eiiUH  ATHYRIH  McCoy. 
6S.  Athyrii  ipiriferoideB  Katon. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  285,  pi.  46. 

This  fossil  is  very  common  from  the  lower  part,  of  Zone  I,  80  feet 
below  the  Encrinal  bed,  to  the  top  of  Zone  X.  Below  this  zone  it  was 
found  in  Zone  A  and  in  Zone  D ;  elsewhere  it  is  very  rare. 

Subfamily  MERISTELLIN^C  Waagen. 

68.  MeriiteUa  haskiiui  Uall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  306,  pi.  49. 

Specimens  22  mm.  long  and  20  mm.  wide  were  found  in  the  Encrinal 
bed  and  in  Zone  D.  A  portion  of  the  shell  was  preserved,  showing: 
the  wrinkled  concentric  lines  which  are  crowded  in  front.  On  the 
exfoliated  surface  the  faint  radiating  lines  can  ])e  seen.  This  siwcies 
has  not  been  reported  east  of  Seneca  Lake  nor  west  of  Thedford, 
Canada.  It  was  found  only  in  the  Encrinal  at  Eighteenmile  Creek. 
It  occurs  in  the  "Basal  limestone"  of  Slate  Rock  River  (Seneca  Lake 
section). 

Order  NEOTREMATA  Beecher. 

Superfamily  DISCINACEA  Waagen. 
Family  DISCINID^E  Gray. 

G-eniiH  OltmCI'I.OlUKwY  trOrbigny. 
64.  Orbiculoidea  doria  Hall. 

(Discina  (U)ria)  Pal.  N.  Y.,  vol.  4,  1867,  p.  19.  pi.  2. 

Several  specimens  were  referred  to  this  species  with  some  doubt. 
The  specimens  at  hand  have  a  more  elevated  apex  and  are  smaller 
than  is  usnal  in  O.  media.  This  species  is  restricted  to  one  zone  at 
Eighteenmile  Creek. 

66.  Orbiculoidea  hnmiliB  Hall. 
(Disdna  humilU)  Pal.  N.  Y.,  vol.  4.  1867,  p.  16.  pi.  2. 

A  fragment  of  a  large  Orbiculoidea  from  Zone  J  was  referred  to 
this  species. 
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66.  Orbionloidea  lodieniii  Vantucem. 

(Discina  lodensut)  Pal.  N.  Y.,  vol.  4,  1867,  p.  22,  pi.  2. 

This  species  so  closely  resembles  O,  media  that  it  is  difficult  to  dis- 
tinguish between  them.  The  faint  radiating;  lines  are  seen  in  speci- 
mens from  Zone  T.  It  is  a  rare  species  at  Eight-eenmile  Creek,  and 
is  found  in  but  two  zones. 

67.  Orbionloidea  lodieniii  media  Hall. 

(Discina  lodensis)  Pal.  N.  Y.,  vol.  4,  1867,  p.  20,  pi.  2. 

This  is  a  very  common  si)ecies  in  the  Orbicidoidea  zone  (V).  The 
concretionary  layer,  in  which  they  are  very  large,  abundant,  and  well 
preserved,  was  traced  for  a  distance  of  10  miles.  Above  and  below 
this  zone  this  fossil  is  found  occasionally,  but  in  no  other  zone  in  isuch 
abundance. 

The  Orbicidoidea  media  bed  of  Grabau,  5  feet  above  the  Encrinsl, 
is  the  only  layer  in  which  it  is  reported  as  common  at  Eighteenmile 
Creek. 

Superfamily  CR  AN  I  ACE  A  Waagen. 
Family  CRANnDiE  King. 

Grenus  CR-AJN^ESLILiA.  Oelilert. 

68.  CranieUa  hamiltoni»  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  27,  pi.  3. 

This  is  not  an  uncommon  species  in  the  upper  part  of  Zone  Y. 
Elsewhere  in  the  section  it  is  rarely  found.  It  is  a  rare  fossil  at 
Eighteenmile  Creek  and  Livonia. 

G^iius  i>H:OUI2DOi>S  SEall. 

69.  Fholidopa  hamiltonia  Hall. 
Pal.  N.  Y.,  vol.  4, 1867,  p.  32,  pi.  3. 

This  is  a  common  fossil  between  Zones  X  and  I,  with  the  exception 
of  the  limestone  of  the  Encrinal  band.  Below  Zone  I  it  was  not 
found.  The  extremes  in  size  are  3  mm.  in  length  and  2  mm.  in  width 
for  the  smallest,  and  4  mm.  in  length  and  3  mm.  in  width  for  the 
largest,  specimens.  The  vertical  range  at  Eighteenmile  Creek  and 
Livonia  is  about  the  same  as  at  the  Caynga  Lake  section,  the  center 
of  abundance  in  those  sections  being  in  the  upi)er  part  of  the  Lower 
Hamilton. 

70.  Fholidops  oblata  Hall. 

(P.  oblata  and  linguloides)  Pal.  N.  Y.,  vol.  4,  1867,  p.  414,  pi.  8. 

The  only  specimen  of  this  species,  found  in  Zone  L,  showed  the 
interior  of  the  ventral  (?)  valve,  but  the  muscular  scars  were  oblit- 
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erated.  Following  Schuchert,  P.  lingtdoides  and  P.  oblata  will  be 
coiiisidered  as  the  same  species.  At  Eighteen  mile  Creek  it  was  found 
in  the  Encrinal  and  in  a  zone  1  foot  below.  It  was  not  reported  from 
Livonia.     Size  4;^  mm.  wide  and  5|  mm.  long. 

Order  PROTREMATA  Beecher. 

Superfamily  STROPHOMENACEA  Schuchert. 

Family  RAFINESQUININ^  Schuchert. 

G^nus  STROraKOlDONTT^  Hall. 
71.  Stropheodonta  oonoava  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  96,  pi.  16. 

This  species  is  restricted  to  three  narrow  zones,  X  and  Y,  and  S,  in 
the  Upper  Hamilton.  The  specimens  are  well  preserved  and  show  the 
characteristic  form  and  surface  markings.  Both  full-grown  and 
young  individuals  were  collected.  The  immature  specimens  do  not 
possess  the  concavity  of  the  mature  individuals,  but  approach  S. 
demissa  in  form.  In  both  zones  where  S.  concava  is  found,  Sirepte- 
lasma  rectum  is  common. 

At  Eighteenmile  Creek  this  species  is  rarely  found  below,  and  not 
above,  a  zone  6  inches  thick  a  foot  below  the  Encrinal.  At  Livonia 
it  is  common  in  three  zones  above,  and  including,  the  Encrinal,  and 
rarely  in  two  other  zones.     It  is  not  reported  from  the  Lower  Hamilton. 

Size  60  mm.  in  width  and  55  mm.  in  length  for  the  mature,  and 
40  mm.  in  width  and  30  mm.  in  length  for  the  immature,  forms. 

72.  Stropheodonta  demlMa  Conrad. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  101,  pi.  17. 

The  only  specimen  of  this  species  was  found  in  Zone  I.  At 
Eighteenmile  Creek,  with  few  exceptions,  it  is  restricted  to  6  inches 
of  shale  in  the  Lower  Hamilton  within  a  foot  of  the  Encrinal  bed. 
It  is  reported  as  occurring  only  in  the  Encrinal  at  Livonia. 

Size  30  mm.  in  width  and  20  mm.  in  length. 

73.  Btropheodonta  insequiBtriata  Conrad. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  106,  pi.  18. 

This  species  is  found  in  the  upper  25  feet  of  the  Hamilton,  in  Zone  S, 
in  the  Encrinal  bed,  in  Zone  I,  and,  rarely,  in  Zone  D.  Between 
these  zones  it  is  rare.  Little  variation,  ex(;ept  in  size,  is  noticeable  in 
the  specimens  from  the  different  zones. 

The  width  along  the  cardinal  lines  of  the  largest  specimen  was 
40  mm.  and  the  length  28  mm.  A  smaller  specimen  measured  13  mm. 
in  width  and  10  mm.  in  length. 

At  Eighteenmile  Creek  and  Livonia  it  is  common,  but  has  very 
much  the  same  vertical  distribution. 
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74.  Stropheodonta  jania  Hall. 
(Siropheodonta  iextilia)  Pal.  N.  Y.,  vol.  4,  1867,  p.  108,  pi.  18. 

This  si)ecies  is  confined  to  the  upper  35  feet  of  the  Upper  Hamilton, 
with  the  exception  of  a  few  specimens  in  Zone  N.  The  specimens  are 
large  and  well  preserved.  It  is  especially  abundant  at  Lake  Ridge 
in  the  calcareous  shales  immediately  under  the  Tully  limestone. 

At  Eighteenmile  Creek  it  is  rarely  found,  in  a  single  zone,  a  foot 
below  the  Encrinal.  It  is  reported  as  occurring  quite  commonly  in 
the  upper  200  feet  of  the  Upper  Hamilton  at  Livonia,  but  is  not 
reported  from  the  Lower  Hamilton. 

75.  Stropheodonta  perplana  Conrad. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  »8,  pis.  11,  12,  17,  and  19. 

This  si>ecies  is  more  abundant  in  this  section  than  S.  incequistriata 
with  which  it  is  usually  associated.  The  largest  individuals  occur  in 
the  limestone  concretions  of  the  Upper  Hamilton.  At  Eighteenmile 
Creek  it  is  a  common  fossil,  but  is  not  as  abundant  as  8,  demissay  a 
species  which  is  seldom  seen  in  the  Cayuga  I^ke  section.  S.  perplana 
is  found  throughout  the  Hamilton  of  the  Livonia  section. 

76.  Stropheodonta  perplana  var. 

A  single  specimen  with  long,  mucronate  points,  but  with  the  char- 
acters of  the  coarser  varieties  of  S.  perplana,  will  not  be  given  a 
varietal  name  until  more  individuals  are  found.  It  is  possible  that 
the  mucronations  were  due  to  some  disease  of  the  animal.  The 
length  of  the  shell  along  the  hinge  line  is  42  mm.,  the  width  of  the 
body  18  mm.,  and  the  length  of  the  shell  14  mm. 

G-enus  raOLIDOSTROraiA.  Hall  and  Clarke. 
77.  FholidoBtrophia  iowaenflU  Owen. 
{Siropheodonta  nacrea  Hall)  Pal.  N.  Y.,  vol.  4,  1867,  p,  104,  pi.  18. 

With  the  exception  of  the  lower  part  of  Zone  I,  where  it  is  common, 
this  species  is  very  rare  in  the  Cayuga  Lake  section.  It  is  found 
rarely  in  Zones  N  and  Y. 

At  Eighteenmile  Creek  it  is  found  in  both  the  Upper  and  Lower 
Hamilton.  At  Livonia  it  is  reported  from  the  Encrinal  and  from  two 
zones  65  and  90  feet  above.  At  Kashong  Creek  it  occurs  both  above 
and  below  the  Encrinal  beds,  but  never  in  abundance. 

Subfamily  ORTHOTHETlN^«  Waagen. 

G-enuH  ORTHOTHPrrKS  FiHclier  de  Waldlieim. 
78.  OrthotheteB  ehemangeiiBiB  var.  arctiitriataB  Hall. 

(Streptorhynclitis  chemungeiisis  arctostriata)  Pal.  N.  Y.,  vol.  4,  1867,  p.  71, 
pi.  9. 

This  variety,  though  seldom  common,  is  found  in  almost  every  zone 
in  the  Upper  Hamilton,  and  is  not  uncommon,  with  the  exception  of 


CLSLAHD.]  CLASSIFTCATION   OF   8PKCIE8.  55 

Zone  E,  in  the  Lower  Hamilton  above  Zone  D.  It  is  quite  constant 
in  its  form  and  surface  markings.  At  Eighteenmile  Creek  it  is  scat- 
tered throughout  the  section  from  the  lowest  to  the  highest  zone.  It 
is  rare  above  the  Encrinal,  but  common  in  several  zones  below.  At 
Livonia  it  is  commoner  above  than  below  the  Encrinal  beds. 

79.  Orthothetei  ehomiuigeiiiii  var.  peryenns  Hall. 

(Streptorhynchus  cheimmgensis  perversn^)  Pal.  N.  Y.,  vol.  4. 1867,  p.  72.  pi.  9. 

This  fossil  was  not  found  above  and  rarely  below  the  Encrinal  beds 
at  Cayuga  Lake.  This  variety  is  readily  distinguished  from  O.  che- 
mungensis  arctistriaiiis  by  its  larger  form  and  surface  markings.  It  is 
rare  at  Eighteenmile  Creek,  where  it  is  found  only  below  the  Encrinal. 

80.  Orthothetei  ehemnngenBis  var. 

A  variety  of  Orthotlietes  approaching  Hall's  type,  Sfrej^torhynchus 
pedinacea^  was  found  in  Zone  A.  All  of  the  specimens  are  casts,  or 
show  only  the  interior  of  the  shell.  One  very  good  si)ocimeu  meas- 
ures about  10  mm.  in  length,  15  mm.  in  width,  and  the  cardinal  area 
2  mm.  high.  In  this  specimen  there  are  seventeen  prominent  strije, 
¥rith  from  two  to  no  weak  stride  between.  The  surface  is  marked  by 
very  fine  undulating  concentric  lines. 

Family  PRODUCTID.E  Oray. 
Subfamily  CHONETIN/E  \A^aagen. 

O-eniiH  CliON'ET'KS  TPiHclior  <!<»  ^Vfiiaheim. 
81.  Chonetes  coronatuB  Conrad. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  133.  pi.  21. 

A  single  specimen  of  dorsal  valve  of  this  sjiecies  was  found  in  Zone 
A,  associated  with  Onondaga  (Corniferous)  species.  With  the  excep- 
tion of  this  zone  and  Zone  D,  it  was  not  found  l^elow  Zone  H.  Between 
Zone  H  and  T  it  lias  its  greatest  abundance.  In  the  upper  10  feet  of 
the  Upper  Hamilton  it  is  extremely  rare. 

At  Livonia  it  is  reported  from  the  Encrinal  and  above,  Imt  was  not 
found  in  the  Lower  Hamiltcm.  With  the  exception  of  the  Encrinal 
and  a  foot  of  shale  immediately  below,  this  species  is  rare  atEigliteen- 
mile  Creek. 

82.  ChonetoB  lepidns  Hall. 
Pal.  N.  Y.,  vol.  4,  1807.  p.  182.  pi.  21. 

This  si^cies  is  sometimes  not  easily  distinguished  from  the  young 
individuals  of  other  species  of  Clwnete.s,  Specimens  from  Zones  X 
and  Y  i)ossess  a  number  of  points  of  differences  from  the  typical 
C  lepidiw,  but  may  he  of  this  species.  On  page  133  of  vol.  4,  Pal. 
N.  Y.,  Hall  says  that  the  original  specimens  designated  as  C.  lejyida 


56  FAUNA   OF   HAMILTON   FORMATION.  [bull.**. 

are  very  small,  almost  hemispheric  shells.  The  striae  are  very  strong, 
angular,  etc.  This  description  accords  fairly  well  with  the  specimens 
in  question. 

At  Eighteenmile  Creek  C.  lepidvs  is  the  most  common  species  of 
CTionetes  in  the  Hamilton  shale.  "It  is  everywhere  abundant,  in 
some  layers  extremely  so."  <*  This  species  is  not  so  common  at  Cayuga 
Lake  as  either  C,  sdtvlus^  C,  mtieronatits,  or  C  vidnus.  It  is  found 
in  all  the  zones  of  the  Upi)er  Hamilton  with  the  exception  of  the 
Encrinal  bed.  In  the  Lower  Hamilton  it  is  not  common  in  any  zone 
and  is  entirely  wanting  in  the  lower  half  of  Zone  C. 

88.  ChoneteB  lineatns  Conrad. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  121,  pi.  20. 

This  Onondaga  (Corniferous)  species  was  found  in  Zone  A,  where 
it  is  very  common.  It  was  associated  with  Anaplotheca  Camilla^ 
8.  macniSy  Chanetes  coronatus^  C,  miu^roncUuSy  and  Amboccdia 
umbonata, 

84.  Chonetes  mnoronatiis  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  124,  pis.  20  and  21. 

This  species  is  very  common  in  the  lowest  zone  in  the  section.  Zone 
A.  It  is  met  with  rarely  in  Zone  C,  and  is  common  in  the  first 
Terebratula  zone.  Above  this  to  the  Encrinal  its  place  is  taken  by 
Chonetes  vidnus.  In  the  Upper  Hamilton  it  is  a  very  common  and 
well-preserved  fossil.  C.  mticronatus  is  not  common  at  Eighteen- 
mile  Creek,  "where  it  is  nearly  restricted  to  the  lower  Moscow  shales." 
At  Livonia  it  is  not  reported  from  the  Upper  Hamilton,  but  is  found 
in  the  Lower  Hamilton. 

86.  Chonetes  soitnlus  Hall.' 
Pal.  N.  Y.,  vol.  4,  1887,  p.  130.  pi.  21. 

This  species  comes  next  to  C.  mucranattis  in  abundance  in  this  sec- 
tion. It  is  rarely  found  in  the  first  and  second  Leiorhynchus  zones, 
but  is  common  especially  in  the  lower  half  of  the  Upper  Hamilton. 

At  Livonia  it  is  common  throughout  the  Upper  and  Ix)wer  Hamil- 
ton, while  at  Eighteenmile  Creek  it  is  common  in  the  Lower  but  rare 
in  the  Upi)er  Hamilton. 

86.  Chonetes  setigems  Hall. 
Pal.  N.  Y.,  vol.  4.  1867,  p.  130,  pi.  21. 
A  single  specimen  of  this  species  was  found  in  Zone  T. 

87.  Chonetes  vicinus  Castelnau. 

(C.  deflecta.  Hall),  Pal.  N.  Y.,  vol.  4,  1867,  p.  128,  pi.  21. 

King  Ferry  station  is  one  of  the  type  localities  for  this  species.  As 
developed  here  it  is  distinguished  from  C.  mucronaius  by  its  larger 

a  Tenth  Annnal  Rcpt.  Rtnto  Gool.  N.  Y.,  1««R. 
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size  and  greater,  number  and  fineness  of  the  strise.  The  average  size 
is  7  mm.  in  length  and  13  mm.  in  width.  It  is  an  exceptionally  abun- 
dant species  in  the  first  115  feet  below  the  Encrinal  It  was  not  found 
above  or  below  this  zone. 

At  Eighteenmile  Creek  it  is  common  in  one  zone  2  or  3  feet  above 
the  Encrinal,  but  is  rare  in  the  Lower  Hamilton.  At  Livonia  it  is 
found  thi*oughout  the  section,  with  the  exception  of  the  upper  160 
feet  of  the  Upper  Hamilton. 

87a.  Chonetes  sp. 

A  specimen  which  could  not  be  referred  to  any  described  species  of 
Chonetes  was  found  in  Zone  I.  The  size  is  4  mm.  in  length  and  7 
mm.  in  width.  The  striae  are  fine  and  round  and  number  32.  The 
spaces  between  the  strisB  have  a  reticulate  ai^pearance. 

Subfamily   PRODUCTIN^«   Waagen. 

G-enuH  I^RODXJCa^P^LL^  Hall. 
88.  Prodnotella  Bpinnlicosta  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  160,  pi.  23. 

This  is  a  widespread  but  not  an  abundant  species  in  this  section, 
being  found  in  almost  every  zone  from  Zone  D  to  the  Tally  limestone. 
It  was  found  in  the  arenaceous  shales  of  the  Marcellus,  but  is  want- 
ing in  the  fine  shales  of  Zone  C,  it«  place  being  taken  by  Strophalosia 
truncata.  A  specimen  from  Zone  Y  bears  a  strong  resemblance  to  P. 
lachrymosa  (Conrad)  of  the  Chemung  and  may  be  of  that  species. 
P.  spinvlieosta  is  an  extremely  variable  species. 

89.  Prodnetella  navicella  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  156,  pi.  23. 

A  few  specimens  from  concretionary  layers  in  the  upper  part  of 
Zone  C,  about  65  feet  below  Zone  D,  in  Dean  Creek,  were  referred 
provisionally  to  this  species.  The  arcuate  form,  small  size,  and  the 
position  of  the  spines  accord  well  with  tlie  description  given  by  Hall. 

Oeiiiif^   S'rnOPH^r^OSI^V  King. 

90.  StrophaloBia  truncata  Hall. 

{Prodiictdla  truncata)  Pal.  N.  Y.,  vol.  4,  1867,  p.  160,  pi.  23. 

This  species  was  found  in  the  Marcellus  shales  and  continued  up 
into  the  barren  shales  of  Zone  E.  In  one  layer  in  Zone  C,  a  fraction 
of  an  inch  thick,  it  occurs  in  great  abundance.  At  Eighteenmile 
Creek  it  is  found  in  the  Marcellus  shales  and  rarely  in  the  next  zone 
above. 
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Family  ORTIIIDyE  Woodward. 

GenuH  RHIi>Ii:)OM:ELL.A^  Oelilert. 
91.  fihipidomella  vaxmzemi  Hall. 
(OrthU  vanuxemi)  Pal.  N.  Y.,  vol.  4.  1867,  pp.  40,  47,  pi.  5. 

This  is  a  very  common  species  in  the  Upper  Hamilton  in  the  Cayuga 
Lake  section,  but  was  found  in  only  one  zone  in  the  Lower  Hamilton. 
It  has  the  same  range  at  Livonia  as  at  Cayuga  Lake,  except  that  it  is 
not  reported  from  the  shales  below  the  Encrinal. 

At  Eighteenmile  Creek  it  is  one  of  the  commonest  fbsBils  in  the 
Lower  Hamilton  and  is  found  rarely,  and  in  but  one  zone,  above  the 
Encrinal. 

At  Cayuga  Lake,  with  the  exception  mentioned  above,  no  rhipido- 
mellas  are  found  in  the  Lower  Hamilton.  This  is  true  of  the  Livonia 
section  with  the  exception  of  R,  lenticularis  (?),  which  is  reported  as 
common  in  a  mixed  Onondaga  (Comiferous)  and  Hamilton  faunule 
at  the  base  of  the  Lower  Hamilton. 

92.  BliipidomeUa  oyeUs  Hall. 

Pal.  N.  Y.,  vol.  4,  1867,  p.  52,  pi.  7. 

One  si)ecimen  from  Zone  T  was  identified  as  this  species.  The  striae 
are  sharper  and  fewer  and  the  hinge  line  longer  than  in  the  small 
forms  of  i?.  vanuxemi, 

93.  Rhipidomella  penelope  Hall. 
Pal.  N.  Y.,  vol.  4,  1867,  p.  50,  pi.  6. 

One  specimen  from  Zone  Y  is  referred  to  this  species  because  of  its 
larger  size.  The  surface  markings  were  obliterated.  It  may  prove  to 
be  a  large  individual  of  R,  vanuxemL 

This  species  is  common  at  Kashong  and  Eighteenmile  creeks. 

Superfamily  PENTAMERACEA  Schuchert. 
Family  PENTAMERID^  McCoy. 

GrenuM  PENTAJVIERKLL  A.  KLall. 
98a.  Pentamerella  pavilionenflU  Hall. 
Pal.  N.  Y.,  vol.  4. 1887,  p.  377.  pi.  58. 

A  few  badly  crushed  specimens  of  this  species  were  found  in  the 
lower  portion  of  Zone  D.  It  is  not  uncommon  in  the  Encrinal  beds 
of  the  Seneca  Lake  section. 
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Subkingdom  MOLLXTSOj^. 
Class  PELECYPODA  Goldfuss. 

The  Pelecypoda  in  this  pai)er  are  classified  acconling  to  Dall,  as 
given  in  Eastman's  translation  of  Zittel's  "Text  Book  of  Palsentol- 
ogy,"  1900.  Genera  which  are  not  mentioned  in  the  text-book  are 
placed  with  the  most  closely  allied  forms.  Such  additions  are  indi- 
cated by  a  question  mark  before  each  genus  so  referred. 

Adjustment  to  emnronrnent, — The  Pelecypoda  of  the  Hamilton 
seemed  to  be  very  much  less  closely  adjusted  to  their  environment 
than  the  Brachiopoda,  as  is  shown  by  the  fact  that  an  apparently 
slight  change  of  environment  was  sufficient  to  produce  a  great  abun- 
dance or  almost  total  extinction  of  certain  genera  of  Brachiopoda, 
whereas  the  Pelecypoda  often  survived  several  changes  of  these 
brachiopod  faunules  and  were  never  abundant. 

Order  PRIONODESMACEA  DaU. 

Family  SOLEMYACID.E  Dall. 

G-enus  I'H'X'HONIA  Hall. 
'  94.  Fhthonia  nodicostata  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  474,  pi.  78. 

Two  specimens  of  this  species  were  found  in  Zone  M.  They  meas- 
ured 23  and  20  mm.  in  length. 

95.  Fhthonia  cylindrica  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  473,  pi.  78. 

A  single  individual  of  this  species  was  found  in  each  of  three  zones. 
Two  of  these  measured  17  and  21  mm.  in  length,  and  8  and  10  mm.  in 
height,  respectively. 

96.  Fhthonia  Bectifrons  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  475,  pi.  78. 

A  right  valve  of  this  species,  with  the  surface  markings  well  ore- 
served,  was  found  in  Zone  Y. 

Family  SOLENOPSID^  Neuraayr. 

GronuH  ORTHONOT-A.  Conraa. 

97.  Orthonota  carinata  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  479.  pi.  78. 

This  well-marked  species  was  found  rarely  in  two  zones  in  the 
Upper  and  two  in  the  Lower  Hamilton. 
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98.  Orthonota  undulata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  478,  pi.  78. 

This  species  was  found  in  both  the  Upper  and  Lower  Hamilton. 
Five  specimens  measured  64,  62,  57,  40,  and  27  mm.  in  length  and  16, 
15,  15,  10,  and  8  mm.  in  height,  respectively. 

99.  Orthonota  (1)  parvula  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  482,  pis.  65,  78. 

This  species  is  rare  in  every  part  of  the  section,  but  is  found  in 
a  number  of  zones  in  both  the  Upper  and  Lower  Hamilton  above 
Zone  D.  At  Livonia  it  was  found  in  the  upper  100  feet  of  the  Ham- 
ilton and  in  one  other  zone  above  the  Encrinal. 

100.  Prothyris  lanoeolata  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  460,  pi.  76. 

This  is  a  very  rare  species  in  this  section.  The  lat^est  specimen 
measured  25  mm.  in  length  and  10  mm.  in  height,  the  smallest  about 
10  mm.  in  length  and  2^  mm.  in  height. 

101.  Prothyrii  tnmcata  sp.  nov. 

Shell  small,  rectangulate,  length  more  than  twice  the  height.  Basal 
margin  nearly  straight  and  truncate  behind,  cardinal  line  long, 
straight,  essentially  parallel  to  the  basal  margin.  Anterior  end  lim- 
ited from  the  body  by  a  low,  narrow  fold.  Valves  almost  flat.  Beaks 
very  inconspicuous.  A  well-marked  diagonal  ridge  is  situated 
slightly  posterior  to  the  beak.  Shell  marked  by  faint  concentric 
strisB,  which  are  somewhat  fasciculat^e  along  the  basal  margin. 

Three  specimens  measui'ed  13,  11,  and  10  mm.  in  length,  and  5,  3, 
and  3  mm.,  respectively,  in  height. 

This  species  differs  from  F.  lanceolata  in  its  truncated  posterior 
extremity  and  in  the  diagonal  ridge;  from  P.  planulata  in  the  flatness 
of  the  valves  and  the  absence  of  an  angular  umbonal  sloi)e. 

Family  GRAMM YSIID  ^:  Fischer. 

G-enuK  OliAlVIMYSIA  <ie  Verrieuil. 

102.  GrammyBia  conBtricta  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  377,  pis.  ."iO  and  78. 

This  species  is  rare  throughout  the  section,  and  was  not  tound  below 
Zone  D.  The  surface  markings  vary  from  almost  continuous  radiat- 
ing lines  to  widely  separated  pustules,  which  can  hardly  be  said  to 
present  a  radiating  appearance. 
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108.  Orammytia  enneata  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  888,  pis.  62  and  93. 

This  species,  like  all  species  of  Orarmnysiay  is  far  from  coinmon  in 
any  portion  of  the  section. 

104.  Orammytia  arenata  Conrad. 

Pal.  N.  Y.,  vol.  6,  pt.  1,  1885,  p.  873,  pis.  61,  63,  and  93. 

Ten  or  15  feet  below  the  Encrinal  this  species  is  quite  common,  else- 
where it  is  rare.  Three  valves  (one  of  which  measures  fully  80  mm. 
in  length)  from  Zone  Y  answer  the  description  of  G.  subarcuotu  of  the 
Chemung  fairly  well,  but  were  included  in  Q,  arciiaia, 

105.  Orammygia  biBnloata  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  359,  pis.  56  and  93. 

A  few  specimens  of  this  species  were  found  in  Zone  G.  It  is  reported 
from  the  upper  160  feet  of  the  Upper  Hamilton  at  Livonia. 

GS-enuH  KLYlVtET^L^V  Hall. 

106.  Elymella  fa^alii  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  502,  pi.  40. 

Two  valves  from  Zone  Y  are  referred  to  this  species.  The  anterior 
end  is  rather  too  long  for  E.  fabalis,  but  may  be  a  variation. 

107.  ElymeUa  nnonloideB  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  p.  503,  pi.  40. 
A  few  specimens  of  this  species  were  found  in  Zone  X. 

G-eiiTiH  G-LOSSITES  Hall. 
108.  Olossites  BabtenuiB  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  495,  pi.  40. 

There  is  some  doubt  as  to  the  correctness  of  the  identilication  of  the 
specimen  referred  to  this  sjieeies. 

GreniiH  TKJ^I^IJN^OIPSIS  Hall. 

109.  TeUinopBiB  Babemarginata  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  464-.  pi.  76. 

This  species  is  common  in  Zone  X,  the  center  of  Zone  T,  Zone  J, 
Zone  G,  and  the  lower  portion  of  Zone  D.  It  is  never  abundant  and 
seldom  common,  but  is  found  in  almost  all  the  zones  in  this  section. 

At  Eighteenmile  Creek  a  single  spc^cimen  was  found.  It  is  reported 
from  four  zones  in  the  Upper  Hamilton  of  the  Livonia  section. 

Two  large  specimens  were  45  and  30  mm.  long  and  27  and  17  mm. 
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Family  CARDIOLID^  Neumayr. 

GrenuH  IPANENKA.  Barrancle. 

110.  Panenka  lincklsBiii  Miller. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  p.  420,  pi.  69. 

The  specimen  which  was  referred  to  this  species  is  probably  a  new 

species.     It  differs  from  P.  lincMceni  in  the  broad  concave  plications, 

the  almost  flat  interspaces,  and  the  absence  of  intermediate  radii. 

Both  plications  and  interspaces  are  crossed  by  fine  concentric  lines. 

Found  in  Zone  T. 

111.  Panenka  potent  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  422,  pi.  69. 

A  very  imperfect  specimen  about  60  mm.  in  height  is  doubtfully 
referred  to  this  siiecies.  It  was  found  associated  with  LunvHcar- 
diuni  curtuTfi  and  L,  ornata  in  Zone  C. 

112.  Panenka  sp.  rmdet. 

A  small,  well-preserved  cast  of  a  Panenka  from  Zone  X  does  not 
answer  the  description  iriven  in  the  New  York  Paleontology.  It  is 
about  12  mm.  high  and  of  the  same  length.  The  plications  number 
22  and  reach  the  beak.  Faint  concentric  lines  can  be  seen.  This 
specimen  bears  a  resemblance  to  P.  retusa,,  which  is  reported  from 
Cayuga  Lake.  The  plications  of  P.  retiisa,  however,  number  35,  with 
narrow  interspaces,  while  the  size  is  30  mm.  in  length  and  31  mm.  in 
height. 

GS-eniiH  O-LYlP'^^rOCAIiDI  A  Hall. 
118.  Olyptocardia  speciosa  Hall. 
Pal.  N.  Y..  vol.  5,  pt.  1,  18a5,  p.  426,  pis.  70  and  80. 

This  species  is  found  occasionally  in  Zones  T,  F,  and  E;  elsewhere 
in  the  section  it  is  very  rare  or  wanting.  The  largest  specimen  from 
Zone  F  measured  11  mm.  in  height.  It  is  not  repoiled  from  Eighteen- 
mile  Creek  or  Livonia. 

Superfamily  NUCULACEA. 
Family  (?)  CTENODONTID.E  Dall. 

G^enuH  J^TJCTTI.ITKS  Conrad. 
114.  Kncnlites  triqneter  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  326,  pis.  47  and  93. 

This  species  is  common  throughout  the  section,  except  wnere  tne 
shales  are  calcareous,  as  in  the  Encrinal  bed.  Zone  I)  and  Zone  G. 
The  variations  in  form  are  not  progressive.  It  is  not  uncommon  at 
Livonia,  but  was  not  found  above  tlie  Marcellus  shale  at  Eighteen- 
mile  Creek. 
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115.  Knenlites  oblongatni  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  824,  pi.  47. 

What  has  been  said  regarding  the  distribution  of  N,  triqueter  in 
the  Cayuga  Lake  section  is  true  of  N,  ohlongatus.  The  conditions 
which  were  favorable  to  one  were  favorable  to  the  other. 

At  £ighteenmile  Creek  it  is  rare  in  the  only  zone  in  which  it  occurs. 

Family  NUCULID^  Adams. 

116.  Kacala  varicosa  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  319,  pis.  46  and  98. 

This  is  a  very  variable  species,  the  extremes  of  which  are  often  dif- 
ficult to  classify.     It  is  one  of  the  rarer  nuculas. 

117.  Kucula  randalli  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  315,  pis.  45  and  93. 

A  small  Nucula  from  Zone  I  was  referred  doubtfully  to  this  species. 

118.  Kncnla  lirata  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  316.  pis.  45  and  93. 

This  is  a  common  species  in  the  Upper  but  is  not  often  found  in  the 
Lower  Hamilton  in  this  section.  It  is  reported  from  two  zones  in  the 
Upper  Hamilton  at  Livonia.     It  does  not  occur  at  Eighteenmile  Creek. 

119.  Kacala  bellistriata  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  318,  pi.  46. 

This  species  is  so  closely  related  to  .Y.  varicosa  that  in  some  cases 
it  is  difficult  to  distinguish  l)etween  them.  It  is  not  uncommon 
l>etween  Zone  D  and  the  TuUy  limestone,  but  is  never  abundant. 

120.  Kacala  corbaliformis  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  319,  pi.  46. 

This  is  more  common  and  has  a  greater  vertical  distribution  than 
any  other  Nucula  in  the  section.  It  is  found  throughout  the  Marcel- 
lus  and  Hamilton  shales  along  Cayuga  Lake.  Unlike  the  Brachiopoda, 
it  is  present  in  almost  every  zone  except  those  which  are  very  calcare- 
ous, as  the  Encrinal,  and,  although  it  is  never  exceptionally  abun- 
dant in  the  aggregate,  the  number  of  individuals  is  very  great. 
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Family  LKDIUM  Adams. 

CfenuM  ILiICIDA.  Holiuiiiaolier. 
121.  Leda  rostellata  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  330,  pi.  47. 

This  species  is  common  in  the  StroiyheocloiitU'CovMine  zone,  but  is 
rai-e  elsewhere  in  the  section.  It  was  not  found  in  the  Marcellus 
shales  or  Zone  C.  It  is  not  reported  from  Livonia  or  £ighteenmile 
Creek. 

122.  Leda  breviroitrii  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  329,  pi.  47. 

Specimens  from  Zone  Y  were  referred  to  this  species. 

G^niis  F^L-EOIN-EIILO  Hall. 

128.  PaleoneUo  conitricta  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  3iJ3,  pis.  48  and  51. 

P,  con^trictu  is  a  common  and  sometimes  an  almost  abundant 
species  throughout  the  greater  portion  of  the  section  above  Zone  D. 
It  was  also  found  in  the  upper  part  of  Zone  C.  Its  greatest  abundance 
is  in  Zone  T. 

124.  Pal8»oneUo  emarginata  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  18a5,  p.  338,  pi.  50. 

This  strongly  marked  species  is  common  in  Zone  W,  in  the  lower 
part  of  Zone  T,  and  in  Zone  I;  elsewhere  in  the  section  it  is  very  rare. 

125.  PalsBoneUo  plana  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  334,  pi.  48. 

This  species  was  not  found  below  Zone  R.  It  is  quite  common  in 
Zone  W  and  in  the  upper  part  of  Zone  T. 

126.  PalsBoneUo  maxima  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  3iJ5,  pi.  48. 

A  single  specimen  from  Zone  Y  was  referred  to  this  si^ecies.  It 
measured  34  mm.  in  length  by  19  mm.  in  height. 

127.  PaleoneUo  mata  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  337,  pi.  49. 

This  species  was  found  only  in  the  tJpi)er  Hamilton,  and  then  but 
rarely.  Three  specimens  measured  19,  10,  and  10  mm.  in  length  and 
11,  8,  and  5  mm.  in  height,  respectively. 
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128.  PalflBoneilo  feonnda  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  886,  pi.  49. 

This  is  a  rare  species  in  this  section.  With  the  exception  of  a 
single  specimen  from  Zone  I,  it  is  only  found,  and  rarely,  in  the  Upper 
Hamilton. 

129.  PalsBoneilo  tenniitriata  HaU. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  336,  pis.  49  and  93. 

This  species  is  restricted  to  a  narrow  zone  in  the  Upper  Hamilt<)n  of 
which  Zone  W  is  the  center.  One  specimen,  which  retains  a  portion 
of  the  shell,  shows  radiating  lines  apparently  due  to  the  original 
color  of  the  shell.     Other  specimens  show  faint  radiating  lines. 

Family  PARALLELODONTID^  DaU. 

GrenuB   FARALLELODON  Mieek. 
180.  Parallelodon  hamiltoniaB  Hall. 

(M<icro(io7t  haviiltonice)  Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  349,  pi.  51. 
This  species  is  quite  common  from  Zone  D  to  the  TuUy  limestone. 
It  was  found  in  Zones  B  and  C. 

(?)  G-enus  SFHENOTTJS  Hiall. 

181.  Sphenotns  arcsformii  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  395,  pis.  65  and  66. 

A  small  specimen  of  this  species  from  Zone  K  measured  0  mm*,  in 
length  and  4  mm.  in  height.  The  normal  size  is  20  to  32  mm.  in 
length  and  12  to  14  mm.  in  height. 

188.  Sphenotas  caneatns  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  396,  pi.  65.' 
Four  well-marked  specimens  of  this  species  wei-e  found  in  Zone  G. 
The  specimens  measured  19,  15,  16,  and  0  mm.  in  length  and  9,  8,  8, 
and  4  mm.,  respectively,  in  height. 

188.  Sphenotns  solenoides  HaU. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  398,  pi.  45. 

This  is  a  rare  species  in  this  section.  It  was  found  in  Zones  D 
and  L. 

Superfamily  PTERIACEA  Dall. 

Family  FrERlNEID/E  Dall. 

Greiiu«  PTKRllN'KA  Golclfuss. 
184.  Ptermea  flabella  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  93,  pis.  14  and  15. 

This  species  was  not  found  in  the  Upper  Hamilton  and  is  very  rare 
in  the  Lower  Hamilton,  being  common  in  no  zone.  At  Eighteenmile 
Creek  it  is  found  commonly  a  few  feet  below  the  Encrinal  beds,  but 
is  not  reported  above. 

Bull.  20(i— 03 5 
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Family  LUNULICARDIID^  Fischer. 

GS^xiue  IjTJNTJLICARDITJM:  IMUxieter. 

185.  Lnnnlioardiiuii  fragile  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  18a5,  p.  434,  pi.  71. 

This  species,  with  the  exception  of  Zone  D,  is  not  uncommon 
between  Zones  A  and  G.  Above  Zone  G  it  is  rarely  found.  At 
Ei^hteenmile  Creek  it  is  reported  from  but  one  zone  above  the  Mar- 
cellus  shale.  At  Livonia  it  is  a  common  fossil  below  the  Encrinal,  and 
is  abundant  in  one  zone  of  the  Upper  Hamilton. 

186.  Lunulioardinm  enrtam  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  487,  pi.  71. 

This  occurs  rarely  in  the  shales  of  Zone  C  and  the  Marcellus. 

187.  LunnUcardinm  omatum  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  437,  pi.  71. 
This  species  was  found  in  the  upper  part  of  Zone  C. 

Family  AMBONYCHIID^  Miller. 

« 

G-exiUM  IPLE'rHOMYI^ILUS  Xlall. 
188.  Plethomytilns  oviformii  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  255,  pis.  81  and  87. 

# 
This  species  was  found  in  Zones  I,  F,  X,  and  Y.     The  specimens 

measured  62,  32,  and  8  mm.  in  height,  and  50,  26,  and  6  mm.  in  length. 

At  Fighteenmile  Creek  it  is  restricted  to  the  upper  Encrinal  beds. 

G^enixH    MYTILARCA.    Hall. 
189.  MytUarca  gibbosa  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  262,  pie.  88  and  87. 

The  specimen  which  was  referred  provisionally  to  this  species  is 
about  midway  between  M,  gibbosa  and  M,  simplex  in  form.  It  meas- 
ures 35  mm.  in  height  and  24  mm.  in  length. 

G^xi\x»  SIPAXHELLA  Hall. 
140.  Spathella  typioa  Hall. 

Pal.  N.  Y.,  vol  5,  pt.  1,  1885,  p.  407,  pi.  66. 

This  specimen  is  28  mm.  in  length  and  14  or  15  mm.  in  height.  It  is 
slightly  crushed  dorso-ventrally .  The  concentric  lines  are  strong,  with 
occasional  finer  concentric  striae  between, 
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Family  CONOCARDIID  Ji:  Neiimayr. 

GS-enue  CONOCAR13ITJM:  «ronn. 

141.  Conoeardinm  normale  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  411,  pi.  68. 

A  siugle  specimen  of  this  genus  was  found  in  Zono  J.  The  surface 
markings  on  the  posterior  and  the  ant<3rior  expansion  of  the  shell  along 
the  edge  of  the  umbonal  ridge  can  be  made  out. 

Family  PTERIID^:  Meek. 

Subgenus  ACTINOPTERIA  HaU. 

142.  Actinopteria  boydi  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  113,  pis.  li)  and  84. 

This  is  a  rare  fossil  in  this  section.  It  is  found  occasionally  in  the 
limy  shales  of  Zones  Y  and  I). 

148.  Acttnopteria  decussata  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  HI,  pis.  17,  18,  20.  and  84. 

A  few  specimens  of  this  species  were  found  in  the  Upper  Hamilton. 

144.  Aotinopteria  sabdecussata  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  110,  pis.  17  and  19. 
A  siqgle  specimen  was  found  in  Zone  T. 

GrenuH  LllIlOm^KK.!^  Hall. 

145.  Leiopteria  greeni  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  18a5,  p.  ISO,  pis.  20  and  88. 

A  single  specimen  of  this  species  was  found  in  Zone  L.  It  measured 
38  mm.  in  height  and  32  mm.  along  the  hinge  line. 

146.  Leiopteria  IflBvis  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  158.  pis.  17  and  20. 

This  species  is  common  in  the  Upper  Marcellus,  seldom  found  in 
Zone  C,  and  occasionally  in  the  shales  above  Zone  D. 

147.  Leiopteria  rafinesquii  HaU. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  161,  pis.  15,  20. 

Specimens  from  Zones  J  and  I)  belong  to  this  species. 

148.  Leiopteria  gabbi  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  I,  1885,  p.  169,  pi.  88. 

One  individual  of  this  species  was  found  in  Zone  C.  One  from  Zone 
T  was  referred  tp  it  with  some  doubt.  ^ 
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149.  Leiopteria  Myi  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  162,  pi.  88. 

This  species  is  rather  commou  in  Zoue  T,  but  not  elsewhere  in  the 
section.     It  is  associated  with  L,  Ic^vis, 

150.  Leiopteria  conradi  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  159,  pis.  20  and  88. 

A  number  of  specimens  from  Zones  D  and  T  were  of  this  species. 
A  number  of  intermediate  forms  were  included. 

151.  Leiopteria  dekayi  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  164,  pis.  19,  20,  88. 

One  specimen  from  Zone  T  was  of  this  species.  It  was  not  perfect, 
but  the  obliqueness  of  the  form,  which  is  very  characteristic  of  L. 
dekuyi,  is  quite  pronounced. 

Family  MYALINID^  Freeh. 

G-enuH  M:Or)IElIL.I^^  SCall. 

162.  ModieUa  pyg^aea  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1.  1885,  p.  514,  pi.  76. 

This  species  is  found  occasionally  in  Zone  C  and  is  one  of  the  com- 
mon fossils  from  Zone  D  to  within  a  foot  of  the  TuUy  limestone.  It 
reaches  its  greatest  abundance  in  Zone  T.  It  has  veiy  much  the  same 
habit  as  Nucxdites  ohlomjatus  and  N,  triqueter.  Although  seldom  com- 
mon, it  is  almost  always  present  except  in  very  limy  sediments. 

Superfamily  TRIGONIACEA  Bronn. 
Family  TRIGONlIDyE  Lamarck. 

G-enuH  SCIiIZOr)XJB  Kin^j, 
168.  Bchisodus  appressus  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  449,  pi.  75. 
This  is  a  rare  species,  but  is  not  confined  to  any  one  zone. 

164.  Bchiiodus  contractus  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  p.  451,  pi.  75. 

Specimens  of  this  species  were  found  in  the  shales  immediately 
under  the  Tully  limestone  and  in  Zone  D.  Between  these  zones  it  is 
wanting.  One  individual  measured  4  mm.  in  height  and  7  mm.  in 
length. 
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Superfamily  PECTINACEA  Reeve. 
Family  PKCTINIDVK  Lamarck. 

165.  Avionlopecten  prinoeps  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1.  18a5,  p.  1,  pK  1,  5,  6,  24,  and  HI. 

This  species  is  from  the  upper  and  lower  portions  of  the  Upper 
Hamilton.  It  seemed  to  thrive  best  in  calcareous  sediments.  One 
right  valve  had  markings  similar  to  those  shown  in  pi.  81,  ^^.  10.  It 
was  found  in  six  zones  at  Eight;eenmile  C'r(»ck. 

166.  Aviculopecten  fascicalatns  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  IHSf).  p.  11.  pis.  5  and  HI. 

One  imperfc^ct  spcMMnicn  from  Zone  I)  was  doubtfully  referred  to 
this  species. 

167.  Avicnlopecten  scabridns  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885.  p.  7,  pi.  8. 

A  very  much  distorted  specimen  with  the  characteristic  surface 
markings  was  found  in  Zone  G. 

Subgenus  Pterineopecten  Hall. 

168.  Pterineopecten  nndosns  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  72.  pla.  2  and  82. 

This  species  is  restricted  t^^  the  Tapper  Hamilton  and  the  upp(»r  50 
feet  of  the  Lower  Hamilton.  It  is  nowhere  common,  and  vanes  trn^atly 
in  shape  and  surface  markings. 

169.  Pterineopecten  vertnmnns  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  I.  1885,  p.  71,  pis.  5  and  m:J. 

This  species  is  found  in  tlirc^e  /oni^s,  only  one  specimen  ])eing  found 
in  each. 

160    Pterineopecten  intermedins  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  Oh.  pis.  17  and  8.S. 

This  species  is  slightly  commoner  than  the  pr(H»eding  species  of 
Pterineopecten^  and  is  found  in  a  num])erof  zones  from  Zone  I)  to  the 
Tully. 

161.  Pterineopecten  hermes  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  64,  pi.  17. 

This  is  a  well-marked  but  variable  species,  and  when  poorly  pre- 
served often  resembles  P,  inlHrmedius, 
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Subgenus  LYRIOPBCTBN  HaU. 

16S.  Lyriopeeten  orbienlatni  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  42,  pis.  4  and  82. 

A  specimen  from  Zone  D  was  referred  with  considerable  certainty 
to  this  genus  and  species. 

Superfamily  MYTILACEA  Fcrussac. 
Family  MODIOLOPSID^  Fischer. 

&eniiH  M:OI>rOM:ORr>HA  Hall. 

168.  Modiomorplia  sabalata  Ckmrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  18a5,  p.  288,  pis.  85  and  39. 

This  species  is  not  uncommon  in  Zones  J,  F,  and  the  upper  part  of  C. 
Four  specimens  measured,  respectively,  10,  21,  24,  and  32  mm.  in  length 
and  11,  12,  15,  and  18  mri.  in  height.  It  is  a  common  species  in  the 
Lower  Hamilton  at  Eighteenmile  Creek. 

164.  Modiomorpha  oonoentrica  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885.  p.  275,  pis.  34,  35. 36. 

This  is  the  commonest  Modiomorpha  at  Cayuga  Jjake.  It  is  dis- 
tributed from  Zone  D  to  the  uttermost  zone  in  the  Hamilton.  It  is 
common  in  Zones  H,  O,  T,  and  X.  At  Eighteenmile  Creek  it  is  com- 
mon in  the  Encrinal  and  is  found  occasionally  in  the  Lower,  but  does 
not  occur  in  the  Upper  Hamilton. 

166.  Modiomorpha  mytiloides  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  p.  277,  pis.  37  and  38. 

This  species  is  far  from  being  common,  but  is  found  occasionally  in 
Zone  D  and  above.  It  is  common  in  three  zones  above  the  Encrinal 
at  Livonia,  but  it  is  not  reported  from  Eighteenmile  Creek. 

166.  Modiomorpha  alta  Conrad. 
Pal.  N.  Y.,  vol.  5.  pt.  1,  1885,  p.  278,  pis.  37,  80. 

Two  small  specimens  from  Zone  X  were  referred  to  this  sx)ecies. 
A  number  of  specimens  which  seem  to  be  of  a  new  species  have  been 
placed  in  this  species.  The  measurements  of  these  were  25,  18,  16, 
10,  and  4  mm.  in  length  and  IfJ,  11,  11,  7,  and  5  mm.  in  height. 

GS^TiUH  a-OlSriOPHORA  FlilllipH. 

167.  Goniophora  hamiltoneniii  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  296.  pi.  43. 

This  species  is  found  rarely  in  eight  zones,  commencing  with  the 
first  Terehratula  zone  (D),  to  the  TuUy  limestone. 
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168.  Chmiophora  tnmeata  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  298,  pis.  42  and  44. 

This  well-marked  species  was  found  in  Zones  S  and  Y.  Only  one 
specimen  was  found  in  each  zone  and  both  were  badly  crushed. 

169.  Goniophora  rngoia  Conrad. 
Pal,  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  297,  pis.  42  and  43. 

A  few  specimens  of  this  species  were  found  between  Zone  D  and 
the  Tully  limestone.  Two  specimens  measured  40  and  45  mm.  in 
length  and  26  and  28  mm.  in  height,  respectively. 

170.  Goniophora  glaucns  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  299.  pis.  43  and  44. 

A  single  badly  crushed  specimen  from  Zone  Y  was  referred  to  this 
species  with  doubt. 

Order  ANOMALODESMACEA  Dall. 

Supcrfamily  ANATINACEA  Dall. 
Family  PHOLADELLID^  Miller. 

G-enuH  I*H:OI^Ar>KLI^ A  Kail. 

171.  Pholadella  radiata  Conrad. 
l>al.  N.  Y.,  vol.  5,  pt.  1,  18a'),  p.  409,  pis.  7H  and  90. 

This  species  was  not  found  in  the  Marcellus  shales  nor  in  Zone  C, 
but  is  scattered  tliroughout  the  remainder  of  the  section.  It  occurs 
frequently  in  the  upper  shales  of  the  Lower  Hamilton  and  is  almost 
abundant  in  Zone  O. 

Three  specimens  measured  25,  7  and  5  mm.  in  length  and  13,  4, 
and  2  mm.  in  height,  respectively. 

172.  Pholadella  parallela  Hall. 
Pal.  N.  Y.,  vol.  5.  pt.  1,  1885,  p.  470,  pi.  7H. 

This  well-marked  species  was  found  in  Zone  T.  It  is  rare  in  this 
zone  and  was  not  ol>tained  elsewhere  in  the  section. 

OemiH   CTMrrArtlyV  Hall. 
178.  Cimitaria  cormgata  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  465,  pi.  77. 

This  species  was  found  in  Zones  Y  and  H,  but  was  not  seen  else- 
where in  the  section. 
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174.  Cimitaria  elongata  Oonnul. 

Pal.  N.  Y.,  vol.  5,  pt.  1, 1885,  p.  466,  pi.  77. 

Two  specimens  of  this  species  were  obtained  from  the  Encrinal 
band  at  King  Ferry. 

Order  TELEODESMACEA  Dall. 

Superfamily  CYPRICARDIACEA  Dall. 
Family  PLEUROPHORID^  Dall. 

a^nus  CYI>RIC.AJIDKIL.I^A  Hall. 
175.  Cypricardella  bellistriata  Connul. 

(Mierodon  hellistriatus)  Pal.  N.  Y..  vol.  5,  pt.  1,  1885,  p.  308,  pis.  42, 78,  74. 

This  species  is  common  in  the  upper  part  of  the  Upper  Hamilton 
and  in  the  upper  portion  of  the  Lower  Hamilton;  in  the  latter  it  is 
almost  abundant.  Aside  from  these  two  zones  the  species  is  quite 
rare  in  this  section. 

At  Eighteenmile  Creek  it  was  not  found  above  the  Encrinal  and, 
with  the  exception  of  one  zone  at  the  base  of  the  Hamilton,  is  ver^'- 
rare  throughout  the  section.  One  very  large  specimen  from  the 
Encrinal  bed  on  Paines  Creek  measured  00  mm.  in  length  and  38 
mm.  in  height. 

OenuH  CYr>RIC^RI>IN'IA  Kail. 
176.  Cyprioardinia  indenta  Ck)nrad. 

Pal.  N.  Y.,  vol.  5,  pt.  1.  1885,  p.  4a5.  pl8.  7ft  and  96. 

This  species  is  common  in  two  zones,  in  Zone  X  and  the  middle 
third  of  Zone  D. 

Specimens  measured  14,  9,  and  7  mm.  in  length  and  8,  5,  and  4  mm. 
in  height,  respectively.  It  is  a  Lower  Hamilton  fossil  at  Eighteen- 
mile  Creek. 

Superfamily  LrUCINACEA  Anton. 
Family  LUCINID  J5  Fleming. 

GJ-enii«  PARACYCLAS  Hall. 
177.  Faracyolas  tennii  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  443.  pis.  72  and  95. 

This  species  is  rather  common  in  three  zones  of  the  Upper  and  in 
one  zone  of  the  upper  part  of  the  Lower  Hamilton.  It  varies  greatly 
in  size  and  in  the  strength  of  its  concentric  strife,  but  is  readily  dis- 
tinguished from  the  other  species  of  this  genus.  It  is  not  reported 
from  Eighteenmile  Creek  or  Livonia. 
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178.  Pmraeyelms  lirata  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  1,  1885,  p.  441,  pis.  73  and  95. 

Only  two  small  valves  of  this  species  were  found.  They  measured 
abont  7i  mm.  in  height  by  8  mm.  in  length. 

Class  GASTEROPODA. 

The  Gasteropoda  were  not  found  to  be  of  much  value  in  this  faunal 
study.  They  are  never  common,  but  are  found  occasionally  in  almost 
all  of  the  zones. 

Subclass  STREPTONEURA  Spongol. 

Order  ASPIDOBRANCHIA  Schweigger. 

Suborder  RHIF»IDOGLOSSA   Trosebel. 
Family  PLEUROTOMARIID.E  d'Orbigny. 

G-enuH  3?LKTJRCyr01VIiVRI^  ae  Kranoe. 
179.  Fleurotomaria  itys  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  76,  pi.  20. 

As  with  the  other  species  of  the  genus,  P.  itys  is  not  common  in 
nor  charactistic  of  any  zone.  It  occurs  throughout  tlie  section.  At 
Eight<eenmile  Creek  it  is  found  only  at  the  base  of  the  Hamilton. 

180.  Fleurotomaria  capUlaria  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  77,  pi.  20. 

It  is  often  difficult  to  distinguish  the  extremes  of  this  species  from 
the  above  unless  the  specimens  are  w(»ll  preserved.  Quite  generally 
distributed  throughout  the  section.  Confined  to  the  base  of  the 
Hamilton  at  Eighteenmile  Creek. 

181.  Flearotomaria  trUix  Hall. 

Pal.  N.  Y.,  vol.  5.  pt.  2,  1879,  p.  79,  pi.  21. 
Found  rarely  in  the  Upper  Hamilton  at  Cayuga  Lake. 

182.  Flearotomaria  snlcomarg^ata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879.  p.  69,  pi.  19. 

Two  specimens  of  this  species  were  obtained  from  the  upper  part 
of  the  Upper  Hamilton,  Zones  W  and  T. 

188.  Fleurotomaria  rotalia  Hall. 
Pal.  N.  Y..  vol.  5,  pt.  2,  1879,  p.  71,  pi.  19. 

Two  specimens  from  Zone  T  were  of  this  species. 
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184.  Plenrotomaria  mguUta  Hall. 
Pal.  N.  Y.,  vol,  5,  pt.  2, 1879,  p.  75,  pi.  20. 

This  sx)ecies  is  met  with  occasionally  in  Zone  C,  in  the  Maroellos 
shales,  and  in  Zone  D.  The  specimens  are  all  very  mnch  crashed  or 
in  the  form  of  molds,  and  the  surface  markings  are 'indistinct. 

Family  BELLEROPHONTID^  McCoy. 

Gheixus  BKLLEROPHON"  <ie  Miontfbrt. 

185.  BeUerophon  patnlns  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  100,  pis.  22  and  24. 

This  species  is  not  uncommon  in  Zones  X  and  N;  elsewhere  it  is 
rare.  It  was  not  found  below  Zone  C.  The  specimens  obtained  were 
of  the  usual  size,  but  badly  crushed. 

186.  BeUerophon  leda  HaU. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  110,  pi.  28. 

This  is  the  most  common  BeUerophon  in  the  section.  It  is  almost 
common  in  some  of  the  thin  layers  of  Zone  C.  It  is  common  in  the 
lower  portion  of  the  Lower  Hamilton  at  Eighteenmile  Creek, 

187.  BeUerophon  lyra. 
Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  113,  pi.  23. 
Only  a  few  specimens  of  this  8X)ecie8  were  found  in  the  section. 

188.  BeUerophon  crenistria  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  116,  pi.  25. 

A  few  specimens  of  this  species  wore  obtained  in  six  zones  of  the 
Upper  and  Lower  Hamilton. 

G^enuH  CYRTOLITES  Conra<i. 
189.  CyrtoUtes  mitella  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  123,  pi.  25. 

Only  a  few  specimens  of  this  species  were  obtained.  None  were 
found  lower  than  Zone  D. 

Family  EITOMPIIALID.'E  de  Koninck. 

190.  Enomphalns  sp. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  54. 

A  single  crushed  specimen  from  Zone  O  was  referred  to  this  genus. 
The  specific  characters  could  not  be  made  out. 
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Order  CTENOBRANCHIATA  Schweigger. 

Superfamily  T/BNIOGLrOSSA  Bouvier. 
Family  CAPULID^  Cuvier. 

191.  PUtyoeras  oonicnxn  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  3,  pi.  1. 
A  single  large  specimen  was  found  in  the  Encrinal  beds. 

199.  Platyoerai  erectnm  Hall 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  5,  pi.  2.* 

This  gastropod  was  found  most  commonly  in  the  upper  i)ortion  of 
the  Encrinal  and  in  the  limestone  of  Zone  Y.     Elsewhere  it  is  rare. 

198.  Platyoerai  bueoalentnm  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  10,  pi.  3. 
Typical  si)ecimens  of  this  species  were  found  in  Zones  Y  and  S. 

194.  Platyoerai  earinatmn  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  5,  pi.  2. 

Specimens  having  the  characteristic  shape  of  this  species  were 
found  in  Zones  W  and  Y. 

OemiH  r»IL.AT?YOSTOM:A  Conrad. 
196.  Platyostoma  lineata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  21,  pi.  10. 

This  species  was  found  in  a  number  of  zones,  but  was  not  common 
in  any.     It  possesses,  in  all  cases,  the  characteristic^  surface  markings. 

196.  Platyostoma  varians  Hall. 

(Strophostylus)  Pal.  N.  Y.,  vol.  5.  pt.  2,  1879,  p.  31,  pi.  11. 

A  large  specimen  from  Zone  J  and  eight  smaller  ones  from  Zone  C 
were  referred  to  this  species  with  some  doubt.  The  larger  specimen 
is  typical;  the  smaller  ones  are  small,  and  may  be  of  a  new  species. 

Superfamily  GYMNOGLOSSA. 
Family  PYRAMIDELLID.E  Gray. 

197.  Lozonema  hamiltonisB  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  45,  pi.  13. 

This  species  occurs  throughout  the  entire  section.  It  is  often  diffi- 
cult to  distinguish  it  from  L.  delphicolu  when  the  specimens  are 
imperfect.  At  Eighteenmile  Creek  this  species  and  L.  (lelphicola 
SLve  restricted  to  the  Upper  Marcellus  shales. 
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198.  Lexonema  delphioola  Hall. 

Pal.  N.  Y.,  vol.  5.  pt.  2, 1879,  p.  47,  pis.  18  and  14. 

Tliis  species  is  frequently  met  with  in  the  section  above  Zone  D. 
It  is  commoner  than  L,  TuimHtonuF.  Ver}^  often  the  shell  is  sur- 
rounded by  a  "smooth,  polished  shale  (slickensides),"  as  is  figrured 
by  Hall  in  figs.  24  and  25  of  the  above  report. 

Superfamily  PTENOGLOSSA  Gray. 
Family  SCALARIID  Ji:  Broderip. 

a^niiH   CALJ^ON-KMA  Kail. 
199.  CaUonema  imitator  Hall  and  Whitfield. 
Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  53,  pi.  14. 

One  specimen,  50  mm.  in  diameter,  with  the  surface  marked  by 
strong  elevated  striae  gentl}'  curving  backward  and  increasing  in 
strength  from  the  apex  to  the  last  volution,  was  found  in  Zone  N. 
llie  coil  is  rather  loose. 

Order  OPISTHOBRANCHIA  Milne-Edwards. 

Suborder  F^TEROF^ODA  Cuvier. 
Family  CAVOLIIND^  Fischer. 

Subgenus  STYLIOLA  Lesueur. 
200.  Btyliola  fissurella  Hall. 

Pal.  N,  Y..  vol.  5,  pt.  2.  1879,  p.  178,  pi.  31A. 

It  will  be  noticed  in  the  t^ble  of  species  that  S.  fissureUa  is  very 
rare,  almost  wanting,  in  the  Upper  Hamilton;  that  between  Zone  D 
and  the  Encrinal,  with  the  exception  of  the  fine  shales  of  Zone  E,  it  is 
also  very  rare,  and  that  in  the  fine  shales  of  Zone  C-  and  in  the  Mar- 
cellus  shales  it  is  very  common.  In  the  lower  portion  of  the  Marcellus 
shales  the  Styliola  is  beautifully  pi^eserved  in  pyrite.  It  is  very 
abundant  in  certain  layers  in  the  Marcellus  shales.  At  Fighteenmile 
Creek  it  is  very  common  in  a  number  of  zones  of  the  Lower  and  is 
fairly  common  in  the  uppermost  zone  of  the  Upper  Hamilton. 

Siat:>or<ler  CONULARIDA  Miller  and  Ourley. 
Family  TENTAC^ULITID^:  Walcott. 

a-enuH  TENTACTLTI^ITKS  Solilotlimm. 
201.  Tentaonlites  bellulns  Hall. 

Pal.  N.  Y..  vol.  5,  pt.  2,  1879,  p.  169,  pis.  81  and  31A. 

A  specimen  of  this  species  was  obtained  from  Zone  X.  In  Zone  A 
there  are  great  numlx^rs  of  TeiikicuUfes,  but  in  su(»h  a  poor  state  of 
preservation  that  it  is  impossible  to  make  a  specific  identification. 
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Family  TORELLELLID^  Holm. 

O^niiM  COIL.ICOIL.TJ8  Hall. 
808.  Coleolui  tenaioinotiiin  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  2.  1879,  p.  185,  pla.  32  and  32A. 

A  uuinber  of  very  good  specimens  of  this  si)ecies  were  found  in 
various  parts  of  the  section. 

Family  HYOLITHID^.  Nicholson. 

a^nuH    HYOLrmKS    Eiohwald. 

208.  HyoUtheB  aclii  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  197,  pis.  32  and  82A. 

Although  this  is  a  rare  species  at  Cayuga  Lake,  in  the  aggregate 
the  number  found  is  quite  large.  The  variations  consist  in  the  rela- 
tive difference  in  length,  width,  and  thickness.  The  measurements 
are  30,  30,  25  mm.  in  length  and  0,  11,  and  12  mm.  in  width.  Two 
well-preserved  operculae  were  found. 

204.  HyoUtheB  BtriatiiB  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  199,  pi.  32. 
A  Specimen  with  well-marked  longitudinal  lines  was  found  in  ZoneT. 

G^enuH    CONXJl^^VK-IyV    Millev. 

205.  Conalaria  andalata  Conrad. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  208,  pis.  33  and  34A. 

A  fragment  of  a  large  specimen  of  this  species  with  very  strong 
surface  markings  was  found  in  Zone  D.  A  fragment  of  a  smaller 
individual  was  taken  from  Zone  I. 

Class  CEPHALOPODA. 

Subclass  TETKABUANCJHIATA  C^woii. 

Order  NAUTILOIDEA. 

Siaborder  C)RTHOCHO^\ISIXH^5S  Hyatt. 
Faniilv  OHTllOCEKATID.^^. 

206.  OrthoceraB  crotalam  Hall. 

Pal.  N.  y.,  vol.  5,  pt.  2,  1879,  p.  296,  pis.  42,  82,  and  98. 

This  fossil  is  found  occasionally  throughout  the  section  above  Zone 
D.  The  test  is  often  denuded,  making  the  identification  in  somei 
pi^^s  uncertain. 
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207.  Orthooerms  o«Um0ii  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  3»8,  pis.  42,  43,  82,  118. 

A  few  specimens  with  the  characteristic  surface  marking  were 
obtained  from  the  Upper  Hamilton  shales. 

208.  Orthocerat  nimtliiin  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  299,  pla.  4H  and  82. 

This  is  a  rare  fossil  in  this  section.  Two  siHJcimens  were  found  in 
the  Upper  Hamilton. 

200.  Orthooerms  mbiilatiiin  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  283,  pis.  38,  84,  86. 

This  species  of  Orthoceras  is  not  uncommon  along  Cayuga  Lake. 
A  large  number  of  distorted  specimens  of  this  genus  were  referred 
here  with  some  doubt.     One  specimen  showed  the  surface  markings. 

210.  Orthooerat  oonitriotiiin  Vannxem. 
Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  288,  pis.  84,  85. 

This  is  H  rather  rare  sjiecies  in  this  section,  and  is  not  rei)orted  west 
of  Cayuga  Lake. 

211.  Orthooorai  exUe  Hall. 
Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  290,  pis.  39,  84,  85. 
A  few  specimens  were  doubtfully  placed  in  this  species. 

212.  Orthooorai  maroollenie  Vannxem. 
Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  278,  pis.  38,  83,  and  113. 
A  specimen  from  the  Marcellus  seems  to  be  of  this  species. 

218.  Orthooorai,  sp.  nndet. 

This  genus,  as  a  whole,  is  common  between  Zones  B  and  F,  inclu- 
sive, and  in  Zone  T.     Elsewhere  in  the  section  this  genus  was  rare. 

Family  NAUTILID^. 

214.  HantUui  liratu  javenii  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2, 1879,  p.  411,  pi.  56. 

James  Hall  describes  this  variety  of  N,  liratas  from  an  imperfect 
specimen  and  states  that  the  determination  is  quite  unsatisfactory. 
Two  fairly  well-preserved  specimens  from  the  hard  shales  of  the  upper 
Marcellus  are  certainly  distinct  from  N,  liratxLs  and  answer  to  the 
description  of  N,  liratus  juvenis.  The  difference  between  these  speci- 
mens and  N,  liraiuSy  however,  seems  to  be  specific  rather  than  varietaL 

215.  HantUni,  fragments. 

A  number  of  fragments  of  NautiLus  found  in  various  parts  of  the 
section  were  too  imj^erfect  for  specific  identification. 
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Suborder  CYRTOCHOANIXES   Hyatt. 
Family  PHRAGMOCERATID^. 

CreziuM  a-OMI»IIOCIGKAS  Howerby. 

816.  Oomphocerat,  Hp. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  318. 

A  single  crushed  specimen  of  this  genus  was  found  in  Zone  C.  The 
markings  were  obliterated  to  such  an  extent  that  it  was  impossible  to 
make  a  specific  identification. 

Order   AMMONOIDEA. 

Stiborder  E:URYCAMF»YLI    Hyatt. 

Family  GLYPIlIOCEKATIDiE. 

OenuH  OON^I^TIT'ES  elf-  Haan. 

217.  OoniatiteB  discoideaB  Hall. 

Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  441,  pis.  71,  74. 

Casts  of  the  test  showing  the  fine,  closely  arranged  striae,  ''raised  at 
intervals  in  fascicles,"  were  commoner  than  those  showing  the  septa. 
This  species  was  fairly  common  in  Zone  T.  In  Zone  I  a  number  of 
imperfect  specimens  which  were  either  of  this  species  or  of  O.  uni- 
angvlaris  were  quite  frequently  found.  Elsewhere  in  the  section 
they  are  very  rare. 

218.  OoniatiteB  aniangalariB  Conrad. 
Pal.  N.  Y.,  vol.  5,  pt.  2,  1879,  p.  444,  pis.  71,  74. 

This  species  was  ver}"  rare,  but  several  well-preserved  specimens 
were  found.  One  almost  perfect  small  si)ecimen  from  the  lower 
shales  of  Zone  C  measured  15  mm.  in  diameter  in  the  widest  part.  A 
large  specimen  measured  45  mm.  in  diameter. 

Siabkingdom  ^RTHROPOD^. 

Class  CRUSTACEA. 

Subclass  TRILOBITA. 
Order  OPISTHOPARIA  Beecher. 

Family  PROETID.^i  Barrande. 

GenuB  PKOKI^TJS  SteiniriKer. 

219.  PrSetaB  rowi  Green. 

Pal.  N.  Y.,  vol.  7,  1888,  p.  119,  pis.  21  and  23. 

A  portion  of  the  cephalon  with  a  crushed  glabella  and  a  perfect 
genal  spine  was  referred,  with  some  doubt,  to  this  species. 
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820.  Prtetu  mierogemma  Hall. 
Pal.  N.  Y.,  vol.  7,  1888,  p.  109,  pi.  22, 

An  imperfect  pygidiuin  was  referred  with  considerable  certainty  to 
this  species. 

881.  Prtetus  maorooephalui  Hall. 
Pal.  N.  Y.,  vol.  7, 1888,  p.  116,  pis.  21  and  28. 

A  pygidium  and  thorax  were  found  in  Zone  Y  and  a  glabella  in  the 
Encrinal  bed.     The  surface  markings  are  quite  plain. 

888.  Homalonotus  dekaji  Green. 
Pal.  N.  Y.,  vol.  7,  1888,  p.  7,  pla.  2,3,4,5. 

This  is  quite  a  common  fossil  in  the  upper  x)ortion  of  the  Encrinal 
band.  A  fragment  of  a  pygidium  was  found  in  Zone  Y  and  a  portion 
of  a  cephalon  in  Zone  D.  At  Eighteenmile  Creek  it  is  reported  from 
the  lower  portion  of  the  Lower  Hamilton.  In  Kashong  Creek  it  occurs 
rarely  in  the  Upper  Hamilton. 

Order  PROPARIA  Beecher. 
Family  PHACOPID.E  Salter. 

Crexxus  r»HA.COP»S  Emmrioli. 
888.  Phaeopi  rana  Green. 
Pal.  N.  Y.,  vol.  7, 1888,  p.  19,  pla.  7,  8,  8A. 

This  is  a  common  and  sometimes  an  abundant  species  in  this  sec- 
tion. Above  the  Encrinal  it  occurs  in  almost  every  zone.  Occasion- 
ally a  complete  specimen  was  found.  It  is  usually  associated  with 
D.  boothi  and  A.  umbonata. 

884.  Phacopi  cristata  var.  pipa  Hall. 
Pal.  N.  Y.,  vol.  7,  1888,  p.  18,  pi.  8. 
A  specimen  of  this  variety  was  found  in  Zone  A. 

GS-enuH   DALMANIXKS  Kiriiiirioh. 
885.  Dalmamtei  boothi  Green. 
Pal.  N.  Y.,  vol.  7,  1888,  p.  42,  pis.  16,  16A. 

This  species  was  found  in  the  lowest  portion  of  Zone  C.  It  is  com- 
mon throughout  the  section  from  Zone  D  to  the  Tully,  especially  above 
the  Encrinal. 

At  Eighteenmile  Creek  it  is  commonest  below  the  Encrinal,  while 
at  Cayuga  Lake  the  opposite  is  true. 

886.  DalmanitoB  boothi  var.  calliteloB  Green. 
Pal.  N.  Y.,  vol.  7,  1888,  p.  45,  pis.  16,  16A. 

A  few  specimens  of  this  variety  were  founcl  [i\  t>\\e  upper  portion  ot 
the  Upper  Hamilton. 


^ 
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.    Subclass  EUCRUSTACEA  Kingsley. 
Superorder  MALACOSTRACA  Latreille. 
Order  PHYLLOCARIDA  Packard. 

StJilDorcler  Ceratioetiriiitt  Clarke. 
Family  ECIIINOCARID.K  C  larke. 

G^nuH  KCHINOC^^Ii-IS  \Vhiliiel<l. 
227.  Soliinooaria  panctata  Hall. 
Pal.  N.  Y..  vol.  7,  1888,  p.  1^6,  pis.  27,  28.  29. 

Five  specimens  of  this  species  were  found  in  tlio  Cayuga  Lake  sec- 
tion, one  in  the  Upper  and  four  in  tlie  Lower  Hamilton  above  Zone  D. 

GreritiH  'rTtOr»IUC)C^Vli,IS   Heo<-her. 

228.  TropidocariB  hamiltonise  Hall. 

Pal.  N.  Y..  vol.  7,  1888,  pi.  30. 

A  right  valve  of  this  si)eeies  was  found  in  ZoneO.  It  measured 
10  mm.  in  length. 

Sviborder  RHINOCARINA  ClarUe. 
Family  KIIINOCAHDID.K  CUarke. 

GJ-emiH  l^HINCX^VKIH  Cl.trke. 
229.  BhinocariB  sp. 
Pal.  N.  Y.,  vol.  7,  1888,  p.  Iviii,  pi.  81. 

Two  specimens  of  this  genus,  oiu*  with  botli  valves,  the  other  with 
one  valve  of  the  carapace  were  found  in  Iho  shah*  of  Zone  ('  ah)ng 
Dean  Creek.  The  preservation  was  too  iinp<»rf<»ct  to  permit  of  si)ecific 
identification. 

CfeiiiiH  IVIKSOTKYKyV  l-r.ill   .umI   <  M.trk^'. 
230.  MoBOthyra  ocean!  Hall. 
Pal.  1^.  Y.,  vol.  7,  1HH8,  p.  187.  pis.  'X\  and  :M. 

Two  Specimens  of  this  gt^nus  were  n^frrred  doubtfully  to  this  spe- 
cies. Neither  specimen  is  i)erfect  (^lumgh  to  warrant  a  specific 
identi'fication.  The  length  of  the  carapace*  is  20  mm.  and  45  mm., 
respectively. 

231.  Superorder  OSTRACODA  Latreille. 

The  various  species  and  genera  of  this  superorder  seiMU  to  have 
been  adapted  to  the  same  (•onditions  of  environment  during  the  Ham- 
ilton stage.     They  nrv  (H)mmon  in  the  fine  shale  of  Zones  B,  C,  and  E. 

Bull.  206—03 6 
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G-exiUH  LKI^IDODENDRON  Sterziberff. 
282.  Lepidodandron  gMpianmn  Dawson. 
Qnar.  Jonr.  C^eol.  Soc.,  1859,  vol.  15,  p.  484. 
A  specimen  of  this  plant  with  distinct  imprints  of  the  leaves  was 
found  in  Zone  C. 
Thanks  is  due  Professor  Penhallow  for  the  identification. 

■ 

288.  Plant  fragment!. 

Plants,  usually  in  a  i)oor  state  of  preservation,  were  scattered 
throughout  the  section.  Within  a  foot  or  two  of  the  TuUy  limestone 
plant  fragments  were  especially  well  preserved  and  abundant. 

GS-exxus  TAONTJRTJS. 
284.  Taonnmi  sp.?  Fischer-Ooster. 

This  f  ucoid  was  very  abundant  in  the  upper  portions  of  the  Upper 
and  Lower  Hamilton. 


CHAPTER  V. 

COMPARISON  OF  THE  CAYUGA  LAKE  SECTION  WITH  OTHER 
SECTIONS  OF  THE  HAiMILTON  FORMATION. 

BASAL  LIMESTONE. 

The  Basal  limestones  of  Ontario  C/Ounty  an^  (lescril)ed  by  J.  M. 
Clarke,  as  follows : « 

Within  10  feet  of  the  top  of  the  Marcellus  shalos.  where  the  rocks  Btill  retain 
their  charucteristic  color  and  diagnostic  fo^silM,  appear  Spirifer  nimrronutim  and 
Amboctxlia  unibonata  of  the  Hamilton  fauna,  8uch  Hamilton  species  increasing 
in  number  and  the  rocks  becoming  less  and  less  bitnminons  until  at  the  top  of  10 
feet  the  bitnminons  character  has  disappeared  and  with  it  the  Marcellns  fauna. 
Overlying  is  a  series  of  strata  of  limestone  more  or  less  impure  and  persisting 
tfaronghout  the  county  east  and  west. 

Farther  east  the  same  strata  become  more  shaly  and  lose  many  of 
the  fossils  of  the  richer  western  outcrop.  Dr.  D.  F.  Lincoln  *  accepted 
the  term  ''Basal  Hamilton,"  proposed  by  J.  M.  Clarke,  and  the 
description  of  Hall  in  the  report  of  the  Fourth  District^ — "a  compact 
calcareous  blue  shale  passing  into  an  impure  limestone."  He  sa^^s 
that  it  retains  this  character  (of  a  coral  reef)  to  some  extent  in  Seneca 
County,  displaying  scattered  fragments  of  HeliophyUum,  FavositeH^ 
and  other  large  corals  which  do  not  belong  elsewhere  in  the  region. 

From  the  description  given  above  and  from  its  i)ositi()n  in  the  section 
(see  map  PI.  I)  it  seems  certain  that  the  eomiiact  calcareous  shales 
of  Zone  D  should  be  correlated  with  the  Basal  Hamilton  of  Ontario 
and  Seneca  counties.^'  There  is,  however,  considerable  difference  in 
the  faunules.  Although  the  corals  are  very  much  rarer  in  Zone  I)  at 
Cayuga  Lake  comi)ared  with  that  stratum  in  the  west,  yet  HfJiophyl- 
lum  is  common  only  in  this  stratum  in  the  CajMiga  Lake  section.  This 
zone  is  characterized  in  Ontario  County  by  a  great  abundance  of 
Crustacea.  The  development  of  Crustacea  in  Zone  I)  is  by  no  means 
remarkable,  only  three  species  of  trilobites  being  found,  none  of 
which  were  abundant. 


<i Report  State  Gwl.,  New  York,  1886. 
6  Ibid.,  1H94. 
«1843. 

dSinc-e  tho  above  waH  written  the  author  revisited  the  localitien  on  Seneca  Lake.    There  ia  no^ 
doabt  as  to  the  correctneos  of  the  correlation. 


84  FAUNA    OF   HAMILTON    FORMATION.  [BULi^aw. 

A  comparison  of  the  Basal  Hamilton  of  Ontario  County,  Seneca 
County,  and  Zone  D  of  Cayuga  Lake  shows  a  decrease  in  the  amount 
of  calcareous  matter  and  in  corals  from  west  to  east.  It  is  probable 
that  the  region  along  Cayuga  Lake  was  the  edge  of  the  reef,  if  such 
it  can  be  called,  and  that  the  conditions  were  such  that  most  of  the 
species  of  corals  and  Crustacea  which  flourished  so  well  in  the  west 
were  represented  in  the  Cayuga  Lake  region  by  an  abundant  brachi- 
pod  and  pelecyopod  fauna,  with  here  and  there  a  large  HeliophyUwm 
ThoUi  and  a  colony  of  Syrijigopora. 

This  impure  limestone  layer,  the  Basal  Hamilton,  is,  next  to  the 
Encrinal  beds,  the  most  persistent  stratum  in  the  New  York  Hamilton, 
extending  as  it  does  for  more  than  40  miles  from  east  to  west. 

I.  P.  Bishop,  in  the  Geology  of  Erie  County,  mentions  ^  a  calcareous 
stratum  in  that  county  which  he  correlated  provisionally  with  the 
Basal  limestone  of  Clarke.  The  evidence  for  this  correlation  is  so 
unsatisfactory  that  it  must  l^e  disregarded. 

ENCRINAL  BEDS. 

In  comparing  the  faunules  of  the  Encrinal  betis  witli  that  of 
Eighteenmile  Creek,  it  was  found  that  of  8  lamellibranclia  of  the 
Eighteenniile  Creek  Encrinal  4  are  found  in  the  Encrinal  of  the 
Cayuga  Lake  section,  2  are  extremely  rare,  and  2  liave  been  found 
nowhere  in  this  section.  Of  the  35  brachiopods,  13  were  not  found  in 
the  Encrinal  of  Cayuga  Lake.  But  of  that  number  4  have  not  been 
found  elsewhere  in  the  section  and  4  are  extremely  rare.  Vitulina 
pustidosciy  Centronelkt  hnpre.^isa^  Meristella  Juuskin^i,  and  HeJlaphyUum 
conflmni^  are  restricted  to  the  Encrinal  at  Eighteenmile  Creek.  With 
the  exception  of  T.  piusUdosa  and  M,  haskiihsi,  which  was  found  in 
the  Encrinal  and  Zone  I),  these  species  are  restricted  to  the  Encrinal 
at  Cayuga  Lake.  Grabau ''  finds  the  Enc»,rinal  at  Eigliteeninile  Creek 
to  l>e  the  equivalent  of  tliat  at  Livonia.  Tlie  coniimrison  of  the  fos- 
sils from  that  stratum  in  tlie  two  places  brings  out  tlie  fact  that  only 
one  sjwcies  given  in  the  Livonia  list  is  wanting  in  the  limestone  at 
Eighteenmile  Creek.  James  Hall "'-  considered  the  Encrinal  Jis  a  "  i)er- 
sistent  mass  holding  only  one  i)Osition  in  the  group  and  continuous 
as  far  as  Lake  Erie.  It  is  a  convenient  point  of  reference."  It  is  1^ 
feet  thick  at  Lake  Erie,  2  feet  at  Livonia,  3  feet  iu  Yates  County,  and 
1^  feet  in  Cayuga  County. 

Prof.  C.  S.  Prosser,''  in  discussing  Professor  Wliit<?'s  <*orrelation  of 
a  zone  in  eastern  Pennsylvania  which  is  as  rich  in  corals  and  crinoids 
as  tlie  TuUy,  shows  by  the  fossil  content  tluit  tho  (Tenesi^e  shales  of 
White  are  Hamilton  shales.     Tlie  so-called  Tully  d<x\s  not  contain  any 

«  Report  Stat4^  Owl.  Now  York,  IWfi. 

I*  Roiwrt  State  Geol.  N<*w  York,  1898. 

«•  Report  Fourth  District  Now  York,  1H43. 

rfBull.  U.  8.  Geol.  Survey  No.  120, 1894,  p.  74. 
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charactoristie  Tully  fossils,  but  contains  only  Hamilton  species.     He 
says: 

If  a  correlation  of  this  zone  with  one  of  central  and  western  New  York  were 
attempted,  I  wonld  suggest  the  *Encrinal  limestone  separating  the  fossiliferons 
argillaceous  Ladlowville  and  Moscow  shales.  As  the  Pennsylvania  horizon  may 
be  represented  by  any  one  of  the  several  coral  horizons  in  the  Hamilton  of  New 
York  or  by  an  entirely  different  one,  such  a  correlation  of  this  zone  is  very  haz- 
ardous without  careful  comparison  of  the  species  and  stratigraphy. 

On  the  east  shore  of  Skaneateles  Lake,  2^  miles  from  the  head  of  the 
lake,  is  a  bed  of  cyathophylloid  and  other  genera  of  corals  5  feet  thick, 
which  are  described  by  Luther.^  Luther  concludes,  from  its  position 
and  from  the  fact  that  it  "abounds  in  cyathophylloid  corals  which 
characterize  the  Encrinal  of  the  western  counties,"  that  it  is  probably 
the  eastern  extension  of  the  Enerinal  band.  Since  in  Ontario,  Seneca, 
and  Cayuga  counties  the  most  abundant  coral  faunas  ai'e  in  the 
Basal  Hamilton,  either  this  coral  reef  at  Skaneateles  Lake  is  (1)  a 
continuation  of  the  stratum  called  the  *' Basal  Ilamiton,"  which  is 
several  hundred  feet  above  the  Marcellus  shales  in  the  Cayuga  Lake 
section,  or  (2)  the  Enerinal,  or  (3)  the  uni(m  of  (1)  and  (2),  or  (4)  a 
separate  stratum.  With  the  data  now  at  hand  Luther's  supposition 
is  as  probable  as  any  other. 

Since  the  Enerinal  is  found  in  a  number  of  localities  between  Lake 
Cayuga  and  Lake  Erie,  of  the  same  lithological  chanR'ter,  in  rela- 
tively the  same  position  in  the  shale,  with  a  fauna  which  changes 
little  in  a  distance  of  125  miles,  it  should  be  considered  oh  a  continu- 
ous stratum.  East  of  C^ajuiga  Lake  the  correlation  of  the  coral  zones 
is  yet  to  l)e  worked  out.  However,  conditions  of  sedimentation  such 
as  would  produce  a  limestone  stratum  anywhere  in  the  Middle  Ham- 
ilton would  be  ailapted  to  and  contain  what  might  be  called  a  lime- 
stone fauna  which  would  not  differ  materially  from  the  fauna  of  the 
Enerinal;  and  whether  this  stratum  were  (»ontinuous  or  not,  the  same 
association  of  fossil  would  jirobably  exist. 

GASTEROPODA. 

Gasteropoda  predominate  both  in  specific  and  in  individual  devel- 
opment in  the  lower  shales  of  Ontario  County.  This  is  also  the  con- 
dition at  Eighteenmile  Creek,  where  only  one  gasteroijod,  Platijo- 
stoma  linedfd,  is  found  above  the  Enerinal,  and  that  but  rarely  in  one 
layer.  In  the  Cayuga  Lake  section  (iasteropoda  are  not  commcm  in 
any  portion  of  the  section,  but  an*  about  as  frequently  nu^t  with  above 
as  below  the  Enerinal.  They  occur,  however,  ratlu^r  more  frequently, 
in  proiKirtion'  to  the  PeU»cyi)o<la  and  Hracliiopoda,  in  the  fine  shales 
of  Zone  C. 


♦»  Reix»rt  Stat<^  (Um^I.  N<«w  York,  1WI5. 
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USE  OF  TERMS    *  UPPER"  AND  *  LOWER'  HAMILTON  FAUNA. 

The  data  at  baud — the  faunules  of  the  Cayuga  I^ke,  Eighteen- 
mile  Creek,  and  I;ivonia  sections — are  sufficient  to  warrant  some  defi- 
nite statement  as  to  the  propriety  of  the  terms  "an  Upper  Hamilton 
fauna"  or  "a  Lower  Hamilton  fauna,"  used  by  some  writers  as  sig- 
nifying an  ability  to  distinguish  between  them. 

A  comparison  of  the  Cayuga  Lake  section  with  that  of  Eighteenmile 
Creek  shows  that  the  relative  abundance  of  species  and  individuals  in 
the  Upper  and  Lower  Hamilton  of  the  two  sections  is  reversed.  At 
Cayuga  Lake  the  number  of  species  and  individuals  is  greater  above 
than  below  the  Encrinal  beds,  while  the  opposite  is  decidedly  true  of 
the  Eighteenmile  Creek  section. 

Spirifer  granidosiis  is  a  rather  common  fossil  above  and  below  the 
Encrinal  at  Cayuga  Lake,  but  is  restricted  to  the  Lower  Hamilton 
and  the  Encrinal  at  Eighteenmile  Creek  and  to  the  Upper  Hamilton 
at. Livonia.  Reiiciiiariafimbriata,  TVopldoleptus  cartnafus,  and  the 
lingulas  are  distributed  in  the  three  sections  in  the  same  manner  as 
Spirifer  granulosus. 

Stropheodonia  coiwava  and  S,  junia  are  in  the  Lower  Hamilton  at 
Eighteenmile  Creek,  but  are  restricted  to  the  Upi)er  Hamilton  at 
Cayuga  Lake  and  Livonia. 

Only  two  species  of  Brachiopoda  have  been  found,  which  are  re- 
stricted to  the  Upper  Hamilton  of  the  three  sections,  exclusive  of  the 
Encrinal  —  AnibocaBlia  prceumboyia  and  Spirifer  marcyi:  But  it 
would  not  be  remarkable  if  even  these  were  found  lower.  Since  these 
si)ecies  have  not  been  reported  east  of  Cayuga  Lake,  they  must  of 
necessity  have  little  use  in  stratigraphy.  Aniboccplia  pnvMinbona 
has  not  been  reported  outside  of  New  York  State,  and  it  may  have 
originated  in  western  New  York  after  the  Encrinal  band  was  deposited. 

Leiorhynchus  lirnitare^  Spirifer  mactrus,  Anxyploiheca  Camilla,  and 
Strophalosia  truncaia  are  species  which  have  not  been  reported  above 
the  Encrinal  beds.  The  first  is  a  typical  Marcellus  fossil  (reported 
by  Clarke"  in  a  ''recurrent  fauna"  above  the  "Basal  limestone"  in 
Ontario  County);  the  second  and  third  are  typical  Onondaga  (Cor- 
niferous)  species  which  have  never  been  found  above  the  Marcellus; 
only  the  fourth,  Strophalosia  truncaia,  is  a  sjiecies  often  found  in  the 
Hamilton.  A  comiiarison  of  the  corals,  pelecypiKls,  and  gasteroi)ods 
brings  the  same  results. 

From  the  al)ove  it  will  be  seen  that  the  burden  of  evidence  at  pres- 
ent is  against  the  supposition  that  it  is  i)ossible,  without  the  aid  of 
stratigraphy,  to  distinguish  between  the  Upper  and  r4)wer  Hamilton 
fauna.  However,  the  presence  of  Spirifer  marciji  and  Amhoadia 
prituTuhona  and  the  absence  of  Strophalosia  truncatu  in  a  fauna 
would  hvi  presumptive  evidence  of  the  LTpper  Hamilton. 

'«  R«pt.  Stat«^  <4«H)1.  New  York,  1886. 
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EXPLANATION  OF  DIAGRAM,  FIG.  «. 

The  data  from  which  this  diagram  was  constructed  were  obtained 
from  the  New  York  Geological  Reports,  commencing  with  vol.  4, 1867, 
PalflBontology  of  New  York,  together  with  the  Peabody  Museum 
collections  from  Onondaga,  Cayuga,  Seneca,  Genesee,  and  Erie 
counties  used  in  the  preparation  of  this  paper.  The  distances  are 
only  approximate,  some  noted  collecting  locality  being  usually  taken 
as  a  center. 
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Fro.  8.— DiAgram  Bhowing  the  distribntion  of  foaBils  of  the  Hamilton  stage  througrhont  New 

York  State. 

The  curves  from  Onondaga  County  west  are  probably  more  nearly 
correct  than  those  east,  because  of  the  exceptionally  careful  collec- 
tions from  Pompey,  Cayuga  Lake,  Livonia,  and  Eighteenmile  Creek. 
The  faunal  lists  of  Prof.  C.  S.  Prosser  '*  make  the  collections  from  the 
extreme  eastern  portion  of  the  State  fairly  full. 

As  is  rea<iily  seen,  the  center  of  abundance  of  Pelecypoda  is  in 
Onondaga  County.  From  that  point  the  decrease  to  the  west  is  rapid. 
The  decrease  in  the  number  of  species  of  Pelecypoda  in  the  aren- 
aceous shales  east  of  Onondaga  County  would  probably  be  less 
than  represented  were  fuller  collections  to  be  had.  That  the  condi- 
tions in  east<>rn  New  York  were  iinieh  less  favorable  to  the  develop- 
ment of  brachiopods  than  of  i)(»lecypo<ls  is  shown  by  the  fact  that  the 
relative  abundance  of  brachiopods  to  pelecypods  in  Schoharie  County 
is  13:60,  while  at  Lake  Erie  the  ratio  is  70:40. 

The  increasing  a])undan(*e  of  species  of  brachiopods  from  east  to 
west  is  very  striking  and  uniform.  The  line  showing  the  abundance 
of  Gasteropoda  varies  less  from  east  to  west  than  the  other  classes. 
The  data  concerning  the  corals  show  a  uniform  increase  between 
Cayuga  and  Erie  counties. 


a  Pif te«mth  Ann.  R^pt.  fttato  Gt»ol.  New  York,  1H86. 
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Two  facts  should  be  borne  in  mind  in  the  consideration  of  the  rela- 
tive abundance  of  fossils  when  studied  geographically,  (1)  the  excel- 
lent opportunities  for  collecting  in  certain  localities,  as  central  and 
western  New  York,  and  the  greater  difficulty  in  others,  as  the  eastern 
counties  of  New  York,  and  (2)  the  fact  that  often  in  a  formation  the 
same  time  elapsed  during  the  deposition  of  a  few  feet  of  sediment  in 
one  place  that  it  took  for  the  deposition  of  many  times  that  thickness 
in  another  locality  in  the  formation.  The  time  required  for  the 
deposition  of  the  67  feet  of  sediment  at  Eighteenmile  Creek,  the  517 
feet  at  Livonia,  the  1,100  feet  at  Cayuga  Lake,  and  the  great  thipk- 
ness  of  the  eastern  shales  was  the  same.  At  any  one  time  there  may 
not  have  been  a  greater  number  of  living  shells  in  Erie  County  than 
in  the  central  or  eastern  part  of  the  State;  the  conditions  were,  how- 
ever, more  favorable  for  the  development  of  brachiopods  and  corals 
than  for  pelecypods. 

The  change  from  east  to  west,  not  only  in  the  relative  number  of 
species  but  in  the  species  themselves,  is  spoken  of  by  Hall  ^  as  fol- 
lows: "So  great  is  this  change  that  if  a  collection  of  fossils  from  the 
Hamilton  formation  in  the  counties  of  Albany  and  Schoharie  be  com- 
pared with  a  collection  from  the  same  group  in  Genesee  and  Erie 
counties  the  number  of  species  common  1.0  both  would  be  less  than 
has  been  sometimes  indicated  as  passing  from  one  geological  formation 
to  another." 


a  Preface  to  Pal.  New  York,  vol.  4, 1«87. 


CHAPTER  VI. 

CONCLUSIONS. 

In  this  investigation  the  following  conclusions  have  teen  reached: 

(1)  There  are  a  nnniln^r  of  fossil  faimules  in  the  Hamilton  formation 
which  can  be  quite  accurately  d(^fine<l.  A  glanc^e  at  the  diagrams  PI.  V, 
A  and  By  and  the  table  (Api)endix)  shows  the  distinctness  witli  wliich 
many  of  these  faunules  are  marked  off.  On  the  i>n*sent  sea  bottom 
it  is  {)ossible,  given  the  conditions  of  bottom,  depth,  U^mperatuns  ete., 
in  any  region,  to  state  with  considerable  cert.ainty  tlic  com|K)sition  of 
the  faunule.  The  l)oundary  line  between  modern  faunules  is  some- 
times distinct,  but  often  there  is  such  a  mixturi'*  of  th(^  two  faunules 
at  the  boundary  that  it  is  impossible  to  state  where  the  line  should 
be  drawn.  In  the  vertical  distribution  of  fossil  faunules  the  same 
difficulty  is  encountered.  Shales  containing  a  mixture  of  faunules 
are  not  uncommon,  but  wheiT>  uniform  conditions  prt> vailed  for  a  con- 
siderable length  of  time  a  definite  group  of  siHM»ies  occurs.  ( )c(*i)»sion- 
ally  the  change  was  sudden,  and  the  faunules  an*  separated  by  a  dis- 
tinct line.  Zone  I)  is  an  excellent  example  of  such  a  cjise;  the  shales 
above  and  l)elow  are  almost  barren  of  fossils,  while  Zone  I)  is  very 
fossiliferous.  Occasionally  a  thin  layer  of  fine  shale  is  seen  in  the 
midst  of  a  fossiliferous  zone,  or  a  thin  layer  rich  in  fossils  in  a  barren 
zone. 

(2)  The  difference  between  the  composition  of  diff(»r(»nt  faunules  of 
the  Hamilton  formation  is  often  more  nuirked  than  l)etW(HMi  faunules 
of  the  same  facies  l)elonging  to  different  formations.  A  study  of  liv- 
ing faunules  leads  one  to  exp(H*t  such  a  condition,  sinc<»  in  a  short, 
distance  ba  thy  metrically  and  g(M)graphically  there  is  often  a  ('omplet.e 
change  in  spiM'ies. 

(3)  Migration  of  the  organisms  which  lived  during  the  Hamiltcm 
stage  was  undoubtedly  acM'oinplished  in  th(»  samc!  way  as  at  pn^sc^nt." 
Such  animals  its  C-rustacen  and  OrlhocvraiHes  had  considerable  iK)wer 
of  movement  in  the  adult  condition,  but  the  common  fossil  aninuils, 
such  jis  tlui  bra(*hiopods  and  pelecypcxls,  wen^  pra<*ti<^ally  stationary 
when  mature.  The  only  means  of  migration  for  su(*li  chisses  was 
during  the  free  swimming  stage.  During  tliis  stage  they  were  carried 
al)out  by  cnrrents  and  to  some  c^xtent  moved  by  their  own  activity. 


'iStM*  Piirkttr  unci  Haswell,  Tozt-BcN)k  of  Zoolotry,  and  other  ZkmloKiuH.    Marino  Bionomy 
Qmltiin 
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Zoologists  cite  many  cases  of  the  sudden  appearance  of  species  previ- 
ously unknown  to  certain  localities  which  were  carried  there  during 
the  free  swimming  stage  by  unusual  conditions.  These  species  often 
live  but  one  year,  and  may  not  be  seen  again  for  years.  Drifting 
timber  and  other  means  enable  old  and  young  of  certain  species  to 
be  carried  long  distances.  The  migration  of  the  species  making  up 
the  bulk  of  the  Hamilton  faunules  undoubtedly  took  place,  for  the 
most  part,  during  the  free  swimming  stage. 

(4)  The  repetition  of  faunas  such  as  are  found  in  a  section  like  that 
of  Cayuga  Lake  shows  that  there  was  an  oscillation  of  similar  condi- 
tions. It  is  probable  that  had  the  conditions  remaine<l  uniform  dur- 
ing the  whole  of  the  stage  only  one  of  these  faunas  would  have  occurred. 
The  Leiorhynchiis  zone  is  several  hundred  feet  thick  in  this  region. 
There  is  no  objection  to  the  supposition  that  such  a  faunule  would 
have  lived  on  throughout  the  stage  had  the  conditions  remained  as 
they  were  during  the  deposition  of  that  zone. 

(5)  An  * '  accidental "  faunule  is  one  which  has  been  produced  in  a  long 
period  of  time  in  a  region  where  sedimentation  has  been  very  slight, 
but  in  which  the  conditions  changed  for  short  periods  sufficiently  to 
introduce  a  few  species.  In  the  aggregate  the  number  of  species  of 
such  a  f aunfil^  mfiay  be  great.  .  A  faunule  of  this  character  is  very  con- 
fusing, composed,  as  it  is,  of  species  from  perhaps  several  faunules. 
It  was  not  unusual  for  a  thousand  or  more  feet  of  sediment  to  be 
deposited  in  one  region,  while  in  another,  during  the  same  period  of 
time,  only  a  few  feet  were  laid  down.  It  is  consequently  unsafe  to 
say,  because  fossils  are  abundant  in  a  few  inches  of  shale,  that  the  con- 
ditions were  necessarily  exceptionally  favorable  for  the  development 
of  that  faunule.  It  is  not  impossible  that  hundreds  or  even  thousands 
of  years  may  have  elapsed  during  the  deposition  of  such  a  zone.  The 
comparison  of  the  thickness  of  the  Hamilton  formation  at  Cayuga 
Lake  with  that  at  Eighteenmile  Creek  showed  that  while  1,100  feet  of 
shales  were  deposited  in  the  Cayuga  Lake  region  onl}^  67  feet  were 
deposited  at  Eighteenmile  Creek.  On  the  other  hand,  that  great 
length  of  time  and  little  sedimentation  are  not  necessary  for  the  for- 
mation of  all  fossiliferous  zones  is  evident  from  the  peculiar  and  char- 
acteristic faunules  of  these  zones  and  the  position  of  the  fossils  in  the 
shale  and  limestone. 

(6)  In  a  section  such  as  that  of  the  Hamilton  formation  at  Cayuga 
Lake,which  represents  in  its  formation  between  1,846, 150  and  26,153,840 
years,"  if  the  statement  "natura  non  saltum  facet"  is  granted,  one 
should,  with  some  confidence,  expect  to  find  many — at  least  some — 
evidences  of  evolution.  A  careful  examination  of  the  fossils  of  all 
the  zones,  from  the  lowest  to  the  highest,  failed  to  reveal  any  evolu- 
tional changes,  with  the  possible  exception  of  Amhonrlia  pmumhona, 

"The  first  ofltimatt)  is  from  Dana:  the  second  is  the  inaxiinum  of  (+oikie.    The  Mt^so-Dovonian 
was  <>stiniaU*<i  as  on«»-third  tho  Devonian. 
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The  species  ftre  as  distinct  or  as  variable  in  one  portion  of  the  sec- 
tion as  in  another.  Species  varied  in  shape,  in  size,  and  in  surface 
markings,  but  these  changes  were  not  progressive.  The  conclusion 
must  be  that,  so  long  as  the  conditions  of  sedimentation  remain  as 
uniform  as  they  were  in  the  section  under  consideration,  the  evolution 
of  brachiopods,  gastropods,  and  pelecypods  either  does  not  take  place 
at  all  or  takes  place  very  seldom,  and  that  it  makes  little  difference 
how  much  time  elapses  so  long  as  the  conditions  of  environment 
remain  unchanged. 

(7)  An  analysis  of  the  Hamilton  faunas  shows  conclusively  that 
there  is  little  basis  for  the  terms  "an  upper"  and  "a  lower  Hamil- 
tonian  fauna  "  iiUMs'ihese  terms  are  used  to  signify  that  it  is  possible 
in  isolated  sections  to  state,  from  the  composition  of  the  fauna,  whether 
the  i*ock  is  above  or  ^low  the  Encrinal  bed. 
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Euomphalns  Sowerby 74 

sp 74,108 

Bnrycampyli  Hyatt 79 

F. 

Faunal  zones,  table  showing  vertical  dis- 
tribution of,  with  their  con- 
tained faunules 95-105 

Fa voeites  Lamarck 24,86,83 

argus  Hall 86,95 

sp.  undet 86,95 

Favositidw  E.  &  H 86-87 

FenestellidaB  King 40 

Fossiliferous  zones,  descriptions  of 20-34 

figure  showing 21 

Fossils  of  Hamilton  stage  throughout 
New  York  8tate,  diagram 
showing  distribution  of 87 

G. 

Gasteropoda 78-77,85,87,102 

Glossites  Hall 61 

subtenuis  Hall 61,99 

GlyphioceratidBB 79 

Glyptocardia  Hall 62 

speciosaHall 62,100 

Gomphojeras  Sowerby 79 

sp 79,104 

Goniatites  de  Haan 79 

discoidcusHall... 79,104 

uniangularis  Conrad 79,104 

Goniophora  Phillips 70-71 

glaucusHall 71,108 

hamiltonensis  Hall 70, 102 

rugc^  Conrad 71,102 

truncata  Hall 71,108 

Grammynia  de  Vemeuil 60-61 

arciuita  Conrad 61,90 

bisulcata  Conrad 61,99 

constricta  Hall 25,60,99 

cuneata  Hall 61,99 

GrammysiidaB  Fischer 60-61 


INDEX. 


109 


Page. 

OmiuitocriiiiisTitxMt S8 

(PentremlUs}  led*  Hall SM,96 

Oymnogloon 75-76 

OymnotenmtaAlliiian Sf>-40 

H. 

Hall,  Jamectf  geological  work  by is 

qnoted  on  AmboccBlia  ambonata 40 

quoted  on  Encrinal  bedH W 

quoted  yn  fniMilA  <if  Hamilton  f(»nnH- 

tion J« 

Hamilton  fauna,  use  of  teruiH  ''Upiier" 

and  "Lower" WJ 

Hamilton  formation. <'4>ucluflif»iiH  relative 

to  fossil  faunulea  in H9-91 

extent  and  character  of 1  (  15 

•faunal  sonesin.  tahlesliowing  vortl(*a1 
distribution  of,  with  their  con- 
tained faunules U'>-1J5 

history  of 17-19 

thickness  of in,»» 

Hamilton  stage,  fomils  of,  dia^uin  s1i«)w- 

ingdiMtrilmtionof J<7 

Hamilton-Onondaga  zone,  dHH4Tii»tion  «>f.  ^\-22 
faunuleof 'J2 

Hederella  Hall »« 

canadensis  Nicholson .i9,  Hi5 

Heliophyllum  Hall a6,«J 

confluensHall :;4,;;6.H4.itt 

halliE.  AH :e4,8«,W,tfi 

Hexaooralla  Haeckel .ie-«s 

Hindelllne  Schuchert 4»-51 

HomalonotnsKOenig 80 

dekayiOreen H0,n>4 

Hyolithes  Eichwald 77 

acUsHall 77. HW 

BtriatusHall 77. KW 

HyolithidflB  Nichol!4un 77 

Hypothyris  King 42 

cuboides Sowerby 42,*^ 


J. 
Jointingin  thoregiou 15 


K. 
King  Ferry,  concr»*tioniiry  hiyers  at 


15 


L. 


Lake  Ridge,  con<*reti<  »nary  ljiy»*rs  at 15 

Leda  Schuma<*her (H 

brevirostrls  Hall Ol.lrtJ 

roetellata  Conrad (U.KM 

LedidsB  Adams 04-05 

Leiopteria Hall :{i>,07-0S 

conradlHall flH,ioi 

dekayiHall os.ioi 

gabblHall 07.101 

greenlHall 07.101 

terls  Hall 07,101 

raflneequii  Hall 07,101 

sayiHall OS.lOl 

Leiorhynchus  Hall 42-48 

dubiumHall 42 

laura  Billings 15, ;«,«!,:«.  42. 97 

limitare  Vanuxem 23,33,42,49,86,97 

mvlticoita  HmW 42 

Leiorhynchus  fauna,  composition  of 23 


I*agc. 

Leiorhynchus  zone,  first,  description  of . .  22-28 
Leiorhynchus  zone,  Hecond.  descript ion  of  23 
Li^iorhynchns  zone,  third,  description  of .       25 

Lepidodendron  Htemberg 82 

gaKpianum  Dawson 82,105 

Limestone,  Basal.  deHcription  of »»8-84 

Lincoln,  D.  F.,  <'ited  on  lo«'ality  of  flrwt 

tt^rebratnla  zone 24 

iuwhI  term  "  Baml  Hamilton  " 83 

Lingnla  Bmgnii^re 46-41 

I  (tlveata 41 

doliaHall 40.96 

denHaHull 41.96 
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Lyriopei'ten  Hall 70 

orbiculatUH  Hall 70. 101 

M. 

M<'(.'hiro,  William,  geological  \v<irk  by...        17 

Maen  k1(  hi  hainilti  »nlH* 05 

Malaoostraca  Latreille 81 

Mar«*i*llu.s  shale,  deseriiJt  ion  of :i2  28 

Martiniii  MrCoy 48 

Hubmnbona  Hall 48.97 

Megiilant<>riniO  WmiK«*n    43 

Meristella  Hall 51 

liaskinhi  Hall :.4. 51,84,97 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
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with  the  recommendation  that  it  1k>  publishcnl  as  a  buUetin.  These 
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method  which  is  wholly  novel  and  whieli  is  (*apable  of  wide  applica- 
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GeoUxjisf  in  Charge, 
Division  of  Cheniicol  and  Physical  Reset trrh, 

Hon.  Charles  D.  Walcott, 
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THE  ACTION  OF  AMMONIUM  CHLORIDE  UPON 

SILICATES. 


By  Frank  Wigglesworth  C'larke  hiuI  (tKorge  Stekjer. 


INTRODUCTORY    STATEMENT. 

In  a  series  of  investigations  by  CMark<*  and  SclnKMclcr,  whicli  wor^ 
carried  out  in  the  laboratory  of  the  Tnited  Statt^s  (Teological  Survey 
between  the  yeai's  1880  an<l  189:3/'  a  nunilMu*  of  ivaetions  won*  siudicHl 
which  shed  somo  liglit  upon  the  constitution  of  tho  natural  siliciites. 
Among  these  i-eaetions  two  were  of  i)oeuliar  interest,  on  aeeoiint  of 
their  simplicity  and  tlie  ease  witli  whieli  tliey  could  ])e  applied. 

First,  in  the  cas<*  of  talc,  it  was  found  that  one-fourth  of  the  silica 
could  be  liberateil  by  ignition;  and  that  tlie  fraction  thus  set  free 
was  measurable  ])y  solution  in  aqu(»ous  sodium  carbonate.  This 
reaction  suggests  tluit  other  acid  nietasilicates  may  bcdiave  in  a  sim- 
ilar way,  and  that  w(^  pt^rhaps  liave  a  means  of  discrimination  between 
such  salts  and  other  compounds  which  simulate  them.  In  other 
words,  an  acid  metasilicate  may  Im'  experimentally  distinguished 
from  a  pseudo-metiusilicatc^  by  th(»  way  in  which  it  splits  up  when 
ignited.  Evidence  l>earing  upon  this  sui)position  will  1m*  found  in 
the  present  paper. 

The  second  of  the  reactions  just  referred  to  is  that  ])etwe(»n  dry 
ammonium  clilonde,  at  its  temiH»rature  of  dissociation,  and  various 
silicates,  different  minerals  b(^in*i:  very  ditTenMitly  attacked.  Some 
are  completely  decompos(»d,  others  are  afT(»cted  but  slightly,  and  in 
certain  cases  substitutions  are  produced  of  a  most  sugirestive  char- 
acter. To  a  certain  extent,  the  two  reactions  overlap;  that  is,  each 
one  bears  somewhat  upon  the  other,  and  henc<*  both  have  ree(»ivcd 
consideration  in  the  pn^sent  series  of  researches. 

In  the  earlier  stages  of  our  work  the  sev<M*al  silicates  which  were 
studied  were  heated  witli  dry  ammonium  chh)ri<l(»  in  open  platinum 
crucibles.  Tlu^  temperature  chosen  was  350°,  at.  which  point  the 
chloride  breaks  up  into  gaseous  hydrochlori<»  acid  and  free  ammonia, 


a  Balls.  U.  S.  Ge<)l  Survey  No.  78,  p.  11:  Nn.  W,  p.  11:  Nu.  lia,  pp.  ^,  'M. 
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and  in  this  way  partial  changes  were  effected.  Later,  the  heatings 
were  performed  in  sealed  combuvstion  tubes,  and  then  the  reaction 
proved  to  be  much  moiv  far-reaching.  In  nearly  every  case  the 
material  taken  for  investigation  was  ground  up  into  one  large,  uni- 
form sample,  upon  which  all  the  experiments  were  performed,  and 
in  that  way  the  results  obtained  are  comparable  with  one  another. 
The  few  exceptions  to  this  rule  of  procedure  will  be  noticed  at  the 
proper  places.  In  testing  for  soluble  silica,  a  standard  solution  of 
sodium  carbonate,  containing  250  grams  to  the  liter,  was  used,  and 
here  again  the  experimental  conditions  have  been  kept  uniform.  So 
much  premised,  we  may  proceed  to  the  description  of  our  investiga- 
tions, species  by  species,  in  detail. 

ANALCITE. 

Analcite,  from  manj'^  points  of  view,  is  a  species  of  peculiar  inter- 
est, and  of  late  years  it  has  received  a  great  deal  of  attention.  Its 
formula  may  be  written  in  various  ways,  especially  as  regards  the 
interpretation  of  its  one  molecule  of  water;  but  evidence  too  often 
has  yielded  before  preconceived  opinion.  Additional  evidence  is  now 
available,  partly  from  the  experiments  of  Friedel,  and  partly  from 
the  dat«  obtained  during  the  present  investigation. 

The  analcit-e  iirst  examined  by  us  was  in  well-developed  crystals 
from  Wassons  Bluff  in  Nova  Scotia.  A  uniform  sample  was  pi'e- 
pared,  as  usual,  and  the  analysis,  given  below,  is  contrasted  with  the 
theoretical  composition  required  by  the  accepted  empirical  formula 
NaAlSijOe .  II2O. 


SiO,... 
Al  A  - 
Fe,0, 


Pound. 


a^'s 


CaO' -. 

Na,0 

H,0  at  100"  - 
HaO  over  100' 


57.  Of) 

21.48 

.13 

.16 

12.20 

.58 

8.38 

99. 99 


C-alculated. 

54.55 
23.18 


14.09 

8.18 
100.00 


Fractions  of  water. 

Atimr U.5H 

At  180= _ 1.10 

At  260  . 3.64 

At300 .  1.57 

Low  redness. 1.90 

Full  redness ..... . .  .11 

Blast    none 


8.96 
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The  fractional  water  determinations  were  nimlo  ])y  boating  in  an 
air  bath  to  (constant  weiglit  at  each  toniperntur(*  up  to  3(X)^,  and 
finally  over  the  direct  flame.  The  first  fraction,  at  KM^"*,  is  evidently 
hygroscopic  or  extraneoiiH  water,  whieli  can  be  disrejrarded.  The 
remainder  of  the  water,  S.:j8  j)er  cent,  ])elon^s  to  tli»»  siK»cii^s.  The 
significance  of  the  analytical  figures  will  be  considonMl  later. 

Upon  lK)iling  the  {Miwdered  aiialeile  with  th<*  slandanl  sodium  car- 
bonate solution,  ().7.*i  per  cent  of  silica  was  cxtracUMl.  \i'\vv  ignition 
the  mineral  in  two  <leterniina1ions  yielde<l  I.V't  and  l..'JS  jjer  (»ent, 
respectively.  The  splitting  olT  of  silicn  is,  then^fons  very  slight ;  an<l 
one  of  the  formula*  proposed  l)y  Doi^lter,"  Xa.Al.Si.O^+iMlaSiO.,,  nuiy 
be  set  aside  as  improbable.  Metasillei<*  acid,  or  anaci<l  metasilicate, 
can  hardly  1x»  ]>resent  in  analcit^^:  although  t  li<^  possibility  of  a  neutral 
metasiliciite,  as  indicated  ])y  the  empirical  formula,  is  not  excliuled. 
If  Doelter's  formula  were  correct,  one-half  of  tln»  silica  should  he 
liberated  by  ignition. 

Upon  heating  analcite  with  dry  ammonium  chlori<le,  notal)li»  r(»sults 
were  obtained  even  in  an  op<Mi  platinum  crucibh*.  Sodium  chloride 
was  forme<l,  which  could  1m^  l<»ached  out  by  wiitcr  aiul  measiiiHxl, 
while  ammonia,  free  from  chlorine,  was  n»tained  by  th(»  residue  to  a 
notable  and  8ur[)risingly  stable  degree.  The  exp<Miments  in  d(»tail 
were  as  follows: 

A.  Analcite.  mixe<l  with  four  times  its  wciglit  of  Hnnnoniuiii  chloride,  was 
heated  for  four  hours  to  850  .  Tbt're  wjis  u  >?aiu  in  weiglit  of  'J.  IS  ]>or  rent,  and 
6.10  per  cent  of  soda,  or  one-half  of  the  total  amount,  was  converted  into  NaCl, 
which  was  leached  out  by  water,  exaniinf^d  as  to  its  ]>nnty,  and  weighed.  In  the 
residne  1.20  per  (^ent  of  silica  was  extra<tcd  by  s^nlinni  carlMniatf.  slmwin^  that 
no  more  splitting  off  liad  <K*curred  than  was  ])revi( nisi y  (»l)servcd.  The  i^iim  in 
weight,  as  will  Ix*  seen  from  subscMjufnt  cx]H*rinients.  is  due  to  the  fact  that  all  of 
the  NH|C1  hat!  notlH'en  driven  oiT.  or  elst?  that  more  wat^T  was  retained. 

B.  Analcite  was  ground  up  with  four  times  its  weight  of  NH,('l.  heated  for 
several  hours,  regroimd  witli  another  fourfold  i)orti(»n  of  chloride,  and  heated  to 
850*"  for  twenty-one  hours.  Gum  in  weight.  O.os  per  cont.  o.rjT  per  cent  of  sinla 
was  extracted  as  chloride. 

C.  Analcite  heated  to  IIM)  for  eijrht  hours  with  four  times  its  weii^ht  of  NH4C1. 
Lees  of  weight,  o.K)  ])er  cent. 

D.  Six  grams  of  minera'.  and  'Js  of  <-hloride.  mixed  by  thorough  ;;i*indinK,  were 
heated  to  350' for  fourt<*en  hours:  then  were  re^round  with  lVS  grams  of  fresh 
NH|Cl  and  heiited  for  thirty-tive  hours.  Loss  <»f  weight.  o.i:j  p<T  cent,  ."i.07  per 
cent  of  soda  was  extnu'ted  as  chloride.  i>lus  ().  II  o{  ammonium  chluridc  unexpelled. 
2.08  per  cent  of  silica  was  rendered  soluble  in  s<Mlium  carlxnmte. 

So  far  three  fa<^ts  are  noticeable.  First,  lh<^  weight  of  the  mineral 
after  treatment  is  almost  exactly  the  sam<'  as  befon*,  showing  that 
gains  and  losses  liave  ])alanced  each  other.  Secondly,  little  silica  has 
been  split  oit.  Thirdly,  appi'oximately,  but  not  rigorously,  ono-half 
of  the  soda  has  Iw^en  converted  into  NaCl.  In  A  it  was  exactly  half; 
in  the  other  experiments,  a  little  less  than  half.  Furthermoi*e,  in  the 
sodium  chloride  dissolved  out,  there  is  only  .a  very  little  ammonium 

oNeuvH  Jalirhucb,  1890,  VoV.  1,  v-  V.tt. 
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chloride,  amounting  at  most  to  0.14  per  cent,  calculated  upon  the 
weight  of  the  original  mineral. 

In  the  residue  of  the  analcite  after  extraction  of  sodium  chloride, 
abundant  ammonia  can  be  detected,  with  either  no  chlorine  or  at 
most  a  doubtfiil  trace.  If,  however,  the  un  leached  mineral,  still 
retaining  its  sodium  chloride,  be  heated  strongly,  say,  from  400°  up 
to  redness,  "2^1401  is  regenerated  and  given  off.  Its  absence,  as  such, 
both  from  the  leach  and  the  residue  was  repeatedly  proved.  The 
ammonia  and  water  retained  by  the  analcite  after  heating  to  350°  with 
ammonium  chloride  were  several  times  determined,  and  the  following 
percentages,  still  reckoned  on  the  original  mineral,  were  found: 


InB 

InC 

InD 

ii 

Mean 


NHs. 

H, 

.o. 

2.03 
2.19 
2.36 
2.35 
2.06 

2.25 

2.00 
1.89 

2.20 

2.04 

Correcting  the  ammonia  for  the  0.14  of  NH4CI  found  in  D,  the  mean 
value  becomes  2.15.  The  detenninations  of  it  were  made  by  three 
distinct  methods,  and  there  is  no  possible  doubt  as  to  its  presence. 

The  composition  of  the  analcite  after  the  treatment  with  ammonium 
chloride  may  now  be  ccmsidered,  with  the  subjoined  combination  of 
the  data.  The  NaCl  in  A,  11.50  per  cent,  was  in  material  which  had 
gained  2.18  per  cent,  and  is  subject  to  a  correctipn  which  reduces  the 
figure  to  11. 2G.  In  B,  C,  and  D  the  corresponding  correction  is  so 
small  that  it  may  be  neglected.  The  last  column  gives  the  coDiposi- 
tion  of  the  leached  residue,  recalculated  to  100  per  cent,  after  deduc- 
tion of  NaCl  and  the  soluble  silica.  The  letters  refer  back  to  the 
several  experiments,  and  the  little  iron  is  included  with  the  alumina. 


A. 
1.20 

B. 

C. 

D. 

Average. 

Beeldiie. 

Sol.  SiO,  .  - 

2.03 

54. 96 

21.37 

.10 

9. 57 

7.12 
0  01 

1.89 
99.31 

1.61 

54.96 

21.37 

.16 

10.44 

7.12 

2.15 

2.04 

99.85 

Insol.  SiO., 

.  ,  _ 

fid.  59 

ALOs  ...   -- 

24.84 

*"^2   ■  3     -  -   - 

CaO 

•  18 

NaCl      

11.26 

10. 50 



Na/) -. 

8.11 

NH,      

2.03 
2. 25 

2.19 
2.00 

2.46 

H,0                 

2.82 

■   —     — 

100.00 

OEJkBXBAlIP 
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The  results  thus  obtained  witli  aualeite  from  Nova  Scotia  were  ho 
remarkable  that  farther  investigation  seemed  to  be  needed  upon 
material  of  different  origin,  and  with  variation  in  the  details  of 
manipulation.     The  new  experiments,  which  have  led  1.0  liighly  inter-' 
eating  consequences,  are  now  to  he  described. 

To  the  kindness  of  President  Regis  Chanven(^t,  of  the  Stat<>  School 
of  Mines,  we  are  indebted  for  a  lil)eral  sui)i)ly  of  well-crystallizixl 
analcite  from  North  Table  Mountain,  near  (lolden,  Colo.,  of  whicli  a 
uniform  sample  of  about  8()  graniK  was  i>n*par(Hl.  An  analysis  of 
the  mineral  gave  the  following  results: 

SiO, . 

A1,0, 

CaO 

Na^ 

HjOatlOO" - 

H,0  above  100' .   .  _ ... 


Witter  Iry  fravtitms. 


At  100"... 
At  180\.. 
At  2S0*... 
At  800"... 
At  850"... 
AtredneRs. 


55. 72 

2:?.  0« 

.17 

ViM\ 

OAW 

8.20 

99.  SO 

0.  i;j 

.75 

2.44 

1 .  28 

1.76 

2.03 

8.39 


Above  a  low  red  heat  no  f  urtliiT  loss  of  weight  was  observcul.  Upon 
boiling  the  powdered  mineral  for  fift^^en  minutes  with  the  standard 
solution  of  sodium  carbonate,  0.45  per  cent  of  silica  was  dissolved. 
After  ignition,  0.57  per  <?ent  was  soluble,  which  is  pra(»tically  the 
same  amount.  No  silica  was  split  off  by  heating.  The  o-\p(»riments 
with  ammonium  chloride  fall  into  two  series.  The  lirst  of  thcsse  was 
conducted  precisely  as  in  the  case  of  the  Nova  Scotiau  material, 
namely,  by  grinding  the  powdered  mineral  into  an  intimate  mixture 
with  four  times  its  weight  of  the  chloride,  and  heating  in  an  open 
crucible.  In  three  cases  the  material,  after  volatilization  of  the 
ammonium  chloride,  was  reground  with  a  fresh  amount  of  the  salt, 
and  then  heatcKl  again.  The  temperaturo  and  duration  of  the  experi- 
ments were  puri>osely  somewhat  varitnl.  After  heating,  the  material 
was  leached  out  with  wat<*r,  the  s(Klium  chloride*  which  had  been  formed 
was  estimated,  and  in  the  residue  the  fixed  ammonia  was  determined. 

In  this  series  tlu^i^e  were  four  experiments,  with  results  as  follows: 


Hours 
hoatod. 


j    TemiK»r-    ■     S<Kla  r«-    ■  Aiumniiin 
ature.  mov«»d.     '  in  n^Hidutv 


B 
C 
D 


28 
81 
36 


5 


:iOO 

850 

850 

»4a4W0 


4. 75  I 
0.80 
3.70  I 
0.70 


^ 


2.04 
2.88 
1.72 
2.85 
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In  the  analcite  from  Nova  Scotia  the  ammonia  retained  by  the 
leached,  residue  ranged  from  2.03  to  2.36  per  cent,  while  the  extracted 
soda  varied  from  5.07  to  6.10.  In  two  of  the  new  experiments  these 
figures  are  perceptibly  exceeded,  and  they  represent  the  shortest 
duration  of  heating.  Prolonged  heating  seems  to  be  undesirable,  and 
seems  to  undo  a  part  of  the  reaction  which  has  taken  place;  otherwise 
the  results  obt'aine<l  are  of  the  same  order  wa  their  predecessors. 
About  one-half  of  the  soda  in  the  analcite  is  converted  into  chloride, 
while  variable  ammonia  is  retained. 

In  the  second  series  of  experiments  a  sealed  Uibe  was  substituted 
for  the  open  crucible.  The  powdered  analcite  was  intimately  ground 
with  four  times  its  weight  of  ammonium  chloride,  as  before,  and  then 
heated  to  350°  in  a  tube  furnace  for  from  four  to  eleven  houra.  Under 
these  conditions  practically  the  whole  of  the  soda  in  the  mineral  was 
converted  Into  sodium  chloride,  while  all  of  the  liberated  ammonia 
was  absorbed  by  the  residual  silicate.  Upon  leaching  the  contents 
of  the  tube  with  water,  to  remove  sodium  and  ammonium  chlorides, 
a  residue  was  obtained  which  exhibited  constant  composition  whether 
dried  at  100°  or  at  the  ordinary  temperature  of  the  air.  Three 
samples  of  the  residue  were  prepared  and  analyzed;  other  samples 
were  partially  examined  and  used  for  subsidiary  experiments.  The 
three  analyses,  lettered  for  future  reference,  were  as  follows,  the 
analcite  itself  being  included  in  the  table  for  comparison : 


SiO,  . 
Al^Oj 
CaO  . 
Na.,0 
NH,  . 
H,0  . 


Analcite.   '  Residue  A. 


Residue  B. 


55. 72 

23.00 

.17 

12.46 


8.39 


99.80 


61. 9:^ 
25. 21 


61.68 
25. 33 


.40 
7.23 
4.50 


.22 
6.95 
4.91 


Retfidue  C. 

61.79 
25.24 


.28 
7.71 
5.01 


99.2' 


99.09 


100.03 


Residue  C  was  prepared  with  the  greatest  care,  and  was  air  dried. 
Exposed  over  sulphuric  acid  in  a  vacuum  desiccator  for  fourteen  days, 
it  lost  in  weight  only  0.08  per  cent.  Tested  for  clilorine,  only  a  slight 
trace  could  l3e  recognized,  but  upon  boiling  for  fifteen  minutes  with 
sodium  carbonate  solution  it  yielded  1.97  of  soluble  silica.  After 
ignition  only  1.70  of  silica  was  soluble,  or  somewhat  less  than  before. 
Upon  heating  to  constant  weight  at  300'',  only  0.40  per  cent  was  lost, 
but  at  350°  it  slowly  decomposed,  giving  off  ammonia.  At  300°  the 
comi)ound  is  stable. 

The  0.28  per  cent  of  soda  remaining  in  residue  C  may  be  regarded 
as  representing  unaltered  analcite,  doubtless  coarser  particles  which 
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escaped  complete  transforiuation.  It  corresponds  to  1.08  per  cent  of 
analcite,  which,  together  with  the  1.97  of  soluble  silica  and  tlie  0.4G 
of  water  lost  l>elow  SO(P,  may  l>e  deducteil  from  tlie*  substance  in 
order  to  obtain  the  composition  of  tlie  definite  compound.  The  latter 
amounts  to  94.72  per  cent  of  the  total  residues  and  af^ees  veiy  nearly 
in  composition  witli  the  formula 

2NIl8.H20.Al203.4Si02. 

Recalculating  tlie  94.72  of  residue  to  100  i>er  cent,  wc  get  the  follow- 
ing comparison  between  analysis  and  theory : 


SiO^.. 
A1,0, 
NH, 
H,0-. 


Found. 

('Hlcalttt«d. 

61.07 

60.  «3 

2(\.  15 

25. 88 

8.14 

H.63 

4.64 

4. 57 

100.  (M) 

100.00 

Written  in  rational  form  the  comp<)Uu<l  lM*coiiies  o<iuivalent  to  an 
anhydrous  ammonium  auHlcite, 

NIIjAlSiA; 
that  iSy  analcite  in  wliich  sodium  1ms  Ikm^u  rcphu^ed  by  ammonium. 

From  this  i)oint  of  view  the  reaction  Ix^twoen  analcito  an<l  ammonium 
chloride  becomes  a  simple  ease  of  double  decomposition,  and  is  per- 
fectly intelligible.  To  «»stablish  this  conclusion,  however,  corrobora- 
tive experiments  wore  necess^iry. 

In  the  first  place,  the  observed  equivah^ncjy  between  the  sodium 
lost  and  the  ammonia  gained  might  be  due  to  a  mere  eoineidene(»,  and 
so  far  be  illusory.  One  atom  of  sodium,  taking  <*lilonn(»  from  ammo- 
nium chloride,  liberates  one  molecule  of  ammonia,  th(»  amount  which 
the  analcite  i*esi<lue  lias  n^tained.  Suppose*  more  ammonia  w(»n*  pres- 
ent; could  it  be  absorbed? 

To  answer  this  question  another  tube  was  j)re[)an»d,  with  the  usual 
mixture  of  anaU^t'^:  an<l  ainmoniuin  ehloride.  This  was  <*overed  by  a 
loose  plug  of  glass  wool,  in  front  of  whieh  we  pla(^e<l  enough  pure 
lime  to  liberal <'  ahout  <louble  the  normal  amount  of  ammonia.  The 
tube  was  then  sealed,  and  heate<l  to  )>5n'\  as  in  the  pr(»vious  (^\peri- 
ments.  Upon  op<»ning  the  tulns  a  strong  out  rush  of  ammonia  was 
noticeil;  but  in  the  leached  and  thoroughly  washed  residue,  (mly  7.52 
per  cent  of  ammonia  was  found.  This  ([uantity  agrees  with  that  from 
the  previous  samples,  and  shows  that  the  limit  of  the  n^aetion  has 
been  practically  reached.  One  molecule  of  ammonia  is  n^tained,  and 
no  more. 

Still  another  exi)eriment  was  tried  uiK>n  a  portion  of  the  residue 
marked  C.     If  the  compound  is  really  an  ammonium  salt,  it  should 
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be  decomposable  by  caustic  soda  in  such  a  way  as  to  reverse  the  reac- 
tion by  which  it  had  been  obtained.  The  substance,  however,  is  very 
insoluble,  so  that  the  reaction  takes  place  slowly.  To  phenol  phthal- 
ein  it  is  absolutely  neutral,  and  with  Nessler's  reagent  it  reacts  only 
after  long  standing. 

To  settle  the  question  a  weighed  portion  of  the  compound  was  boiled 
in  a  distilling  flask  with  a  10  i)er  cent  solution  of  sodium  hydroxide, 
to  which  water  was  added  from  time  to  time.  The  distillate  was  col- 
lected in  a  tube  containing  aqueous  hydrochloric  acid;  and  the 
ammonia  which  passed  over  was  weighed,  ultimately  as  chloroplati- 
nato.  By  four  hours'  l>oiling  6.90  per  cent  of  ammonium  was  driven 
off  and  determined;  and  the  residue  remaining  in  the  flask,  after 
washing  until  no  alkaline  reaction  could  be  detected  in  the  wash- 
water,  was  examined  for  soda,  of  which  10.41  per  (?ent  was  found. 
The  anticipated  reaction  hatl  taken  place,  although  not  completely; 
it  was  enough,  however,  to  confirm  our  opinion,  and  to  establish  the 
nature  of  the  new  compound  l>eyond  reasonable  doubt.  Other  con- 
firmation was  obtained  later,  from  the  study  of  leucit-e. 

The  foregoing  paragraphs  now  enable  us  to  understand  a  phenome- 
non which  we  observed  in  our  work  with  the  open  crucible.  In  that 
case  a  partial  reaction  t^ikes  place  between  the  analclte  and  the 
ammonium  chloride,  producing,  as  in  the  sealed  tube,  a  mixture  of 
an  ammonium  ajumi no-silicate  with  sodium  chloride:  the  two  sub- 
stances being  separable  by  leaching.  But  if,  instead  of  leaching,  the 
mixture  ])e  heated  to  full  redness,  ammonium  chloride  is  re-formed 
and  given  off,  leaving  a  residue  which  contains  little  or  no  sodium 
chloride,  and  is  wholly  insoluble,  or  almost  so,  in  water.  That  is, 
the  reaction  which  occura  at  350*"  is  reversed  at  the  higher  temerature, 
and  anhydrous  analcite,  or  an  isomer  of  it,  is  regenerated.  Ammo- 
nium and  sodium  again  change  places,  and  the  original  state  of  molec- 
ular e(iuili])rium  is  restored. 

What,  now,  is  the  nature  of  the  product  obtained  in  the  open  cru- 
cibh»  after  sodium  chloride  has  been  removed?  Is  it  a  definite  inter- 
mediate compound  or  an  indeterminate  mixture?  At  first  we  were 
inclinc<l  to  accept  the  first  of  these  alternatives,  and  we  assigned  to 
the  substance  the  formula  Il2Na2Al4Si8024.NHg,  in  which  the  ammonia 
plays  a  part,  (equivalent  to  that  of  water.  In  this  expression  we  were 
influenced  by  the  researches  of  Friedel,'*  who  had  shown  that  ammonia 
could  in  part  i-eplace  the  "zeolitic"  wat;er  of  analcite;  but  it  now 
api)ears  that  the  phenomenon  observed  by  him  is  quite  distinct  from 
that  discovered  by  us,  and  is,  indeed,  of  an  entirely  different  order. 
We  may,  therefore,  in  accordance  with  our  new  data,  I'carrange  the 
formula,  transforming  it  to  that  of  an  ammonium  salt,  HNa2NH4Al4 
Sig024,  the  agreement  with  the  analytical  figures  being  approximate 
only.  The  results  obtained  are  not  sharp  enough  for  certainty. 
This  product  we  are  now  inclined  U)  Ye\»aT(V  a^  a  awV^Wt^.  a\^\!LQ\ii^ 
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it  is  not  strictly  intermediate  1)otween  analcite  and  itH  final  ammoniam 
derivative.  Only  half  of  the  eliminated  sodium  has  been  replace<l 
by  ammonium,  while  hydrogen,  or  water,  makes  up  the  deficiency. 
It  seems  probable  tliat  the  reaction  in  the  sealed  tube  and  that  in  the 
open  crucible  are  at  first  essentially  the  same,  but  that  in  the  latter 
case  secondary  reactions  follow,  which  c-ause  the  variations  in  the 
final  results.  In  the  seahnl  tube  the  element  of  pressum  comes  into 
play,  and  the  reaction  is  complet<.^  In  the  open  crucible  pressure  is 
lacking;  some  ammonia  escapes  Axation  and  react-s  ux)on  a  part  of  the 
sodium  chloride  which  was  at  first  formed;  hence  the  comi>oHition  of 
the  leached  residue  is  essentially  modified.  This  residue  may  be  a 
definite  compound,  but  the  case  in  its  favor  is  unproved  and  the 
presumption  is  rather  against  it. 

The  most  remarkable  fac^t  developcHl  ])y  the  foregoing  experiments 
is  the  easy  replaceability  of  the  so<la  in  anaUuto.  This  replaceability, 
however,  is  not  limited  to  the  substitution  of  ammonium  for  scxlium; 
it  api>ears  to  extend  U^  other  bases  as  well,  and  this  we  have  proved 
in  the  case  of  silver.  This  is  illuslrahMl  by  three  experiments  upon 
the  CJoloradc)  analcite,  as  follows: 

A.  Analcite,  intimately  mixed  with  dry  »ilver  nitrate,  whh  heated  in  a  Healed 
tnbe  to  400''  for  four  hours. 

B.  Analcite  and  silver  nitrate  were  hcat^nl  in  a  sealed  tulK.^  to  250  for  four  honrs. 
.  C.  Ammoninm  analcite,  mixed  with  dry  silver  nitrate,  was  heated  in  a  sealed 

tnbe  to  2S0'*  for  fonr  hours. 

All  the  products  of  thes«»  heatings  were  leached  with  water,  and 
washed  until  the  filtrates  gave  no  test  for  silver;  the  residues  were 
thjBn  dried  on  the  wat^^r  biith.  The  pnKluct  in  each  case  was  a  white 
powder  not  differing  in  appearance  from  the  original  matenal. 

The  analyses  of  the  different  portions  are  given  below,  together  with 
the  composition  of  the  theoretical  compound,  AgAlSiaOfi.IIaO,  which 
is  given  in  column  I). 


SiO,  ... 

Ag,0.  . 
Na,0.. 
H,0... 
NH,  ... 

Nitrates. 


A. 


41.31 

16.44 

37.45 

.85 

4.29 


B. 

40.  (>8 

Ifi.  29 

30.91 

.81 

5.80 


none 


100.34 


none 


99. 95 


r. 


1). 


42.09 

39.35 

IS.  22 

16.72 

32.01 

:J8. 03 

.68 

O.OH 

5.90 

.09 

.  — 

none 

- 

00. 37 

100.00 

From  preparation  A,  13.13  per  cent  of  the  soda  in  the  original  min- 
eral was  found  in  the  leach  water;  and  in  U,  12.57  \vc\  vji^xs^,    "Ww^s*^ 
quantities  are  Blightly  iii  excess  of  the  amownt  aie\.\Si«\Vj  \yt^'^w\>\\v'<^^fc 
ADalcite,  for  the  reason  that  a  little  ottier  ma\>feT\«\^\\\^>OL^^»»«^*^^'^ 
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the  filtrates  was  not  separated  from  the  soda.  It  is  enough  to  show 
that  a  true  silver  analcite  has  been  formed,  and  that  the  transforma- 
tion is  practically  complete.  A  similar  reaction  takes  place  between 
silver  nitrate  and  chabazite,  but  the  product  as  yet  has  not  been 
exhaustively  examined.  The  reaction,  it  will  be  observed,  is  analo- 
gous to  that  by  which  silver  ultramarine  is  produced,  and  it  suggests 
a  promising  line  of  experimentation  for  the  future. 

LEUCITE. 

Between  analcite  and  leucite  the  closest  analogies  have  long  been 
recognized.  The  two  minerals  liave  similar  composition,  they  resemble 
each  other  in  crystalline  form,  and  they  yield,  upon  alteration,  prod- 
ucts of  the  same  order.  Recently  also,  analcite,  like  leucite,  has  been 
identified  as  a  not  uncommon  constituent  of  volcanic  rocks;  analcite 
basalt  being  a  good  example.  In  view  of  these  resemblances  it  was 
plainly  desirable  to  compare  the  minerals  by  means  of  the  ammonium 
chloride  reaction,  a  task  which  has  been  performed  with  satisfactory 
results. 

In  a  preliminary  experiment  a  sample  of  leuciU*  t^ken  without 
regard  to  purity  was  heated  with  ammonium  chloride  to  350°  in  a 
sealed  tube.  Potassium  cliloride  was  formed  corresponding  to  18.00 
per  cent  of  potash,  and  in  the  leached  residue  6.90  per  cent  of 
ammonia  was  found.  The  foreseen  reaction  had  occurred,  and  more 
careful  work  was  accord inglj^  undertaken. 

Our  material  consisted  of  a  large,  irregular  crystal  of  leucite  from 
Vesuvius,  wliich  yielded  about  20  grams  of  the  pure  mineral.  This 
was  ground  to  a  uniform  sample,  and  a  portion  of  it  was  analyzed; 
the  analysis  will  be  given  presently.  The  sealed-tu])e  experiments 
were  conducted  precisely  iis  in  the  case  of  analcite,  and  they  confirmed 
both  the  preliminary  test  and  our  anticipations.  Chlorides  were 
formed  eciuivalent  to  IS. 53  per  cent  of  potash,  1.08  of  soda,  and  0.08 
of  alumina;  the  rea<'lioii,  therefore,  was  very  nearly  complete.  The 
leached  residue  was  then  analyzed,  and  the  data,  compared  with  the 
analysis  of  the  original  mineral,  were  as  follows: 


Lour  i  to.  Rosidae. 


sio,  55.40  60.  ea 

AU),         _..          .    .. 28.(59  36.44 

CaO                     -  - ..  .l()  trace 

K.O                             .     ... 19.54  .50 

NM)                - -- 1.25  .25 

NH,          7.35 

H,0       ...  .24  5.17 
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Leacite,  theu,  ^ivcs  the  Haiiio  ivm^tion  as  aualc^itu  and  yields  tho 
same  ammonium  comiwiiud.  A  closin*  a^roemeiit  in  tho  (composition 
of  the  latter  could  not  reasonably  be  demanded.  Ammonium  leucite 
is  formed  in  both  eases  by  onlinary  double  dooomposition  in  a  state 
of  approximate  purity;  the  iirst  sili(*ate  of  ammonium,  we  think, 
which  has  ever  been  prepartMl. 

As  a  further  clie<ckupon  the  results  so  far  obtained,  an  attemi)t  was 
made  to  transform  ammonium  l(Mi(*it(*  into  lh<'  (M)i*ivsponding  lime 
salt,  CaAl2.Si4(.),2,  by  fusion  with  oahrium  (•hlorid<\  The  ammonium 
leucite  was  mixed  with  a  saitu rated  solution  of  raleium  eliloride,  wliich 
was  evai)onite<l  to  dryness,  thon  heated  K»*'idually  to  <lohydration,and 
finally  fused.  Ammonium  <*hl()ri<le  was  given  oil  and  identifi<Ml. 
Upon  treating  the  fusod  mass  with  wattM*,  filtering;  an<l  t.horouj^hly 
washinf^  the  I'esiduo,  a  whit<^  p<)wd<M*  was  obtainiMJ  whi<*h,  afti^»r  dryinu: 
at  100°,  was  analyze<l.  It  was  also  examined  microscopically  by  Mr. 
J.  S.  Diller,  who  found  it  to  consist  of  apparently  isotropic  grains, 
showing  tnuiesof  incipient  crystallization.  The  following  analysis  is 
con tnisted  with  the  theoretic'al  composition  of  calcium  leucite,  fnmi 
which  it  varies  consi(h?rablv. 


SiO, 

A1,0,  ...  

CaO . 

K,0 

Nb,0 

CI  -.  

Lows  on  iKiiitioii 


mil. 

( 'Ulc'iilaUul. 

54.:{5 

(M). :«) 

2(1. 2:{ 

25.  «3 

I7.;is 

14. 07 

.10 

-   -   .   _  _ 

.  '->.•) 

.  ',>s 

.    . 

1 .  '2i 

\M.  HM 

nM).<)o 

Evidently  th<»  <lesired  salt  was  not  chMinitely  obtained,  and  the 
product  apiM*ars  to  be  a  mixture.  The  r<»action,  however,  tends  in 
the  right  direction,  and  <leserves  fnrth(»r  stu<ly  un<ler  other  condi- 
tions. Probably  the  water  which  was  present  in  the  mixture  of  sili- 
cate and  ehlorid<'  took  part  in  the  changes  prodn(*e<l,  although  of  this 
we  can  not  be  certain.  It  is  interesting  to  note  that  the  product 
obtained  approximates  in  composition  to  the  meteoric  mineral  mas- 
kelynite,  which  is  regarded  by  (xroth  as  i)robably  equivalent  to  a 
calcium  leucite. 

THE   CONSTITUTION    OF  ANALCITK  AND   LEUCITE. 

In  all  of  the  earlier  attempts  to  discuss  the  constitution  of  analcite 
the  molecule  of  water  which  it  contains  has  l)een  a  chief  element  of 
xmeertainty.     Should  it  l>e  regarded  a»  YepTe^Y^\.\\i^\\^^^Q!^^^^^^  "^^^ 
'  9500— No.  1107— i)2 -J 
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water  of  crystallization?  That  question  arose  first  of  all.  Under  the 
first  interpretation  analcite  became  a  diorthosilicate:  AlNaHjSijO;; 
under  the  latter  its  equivalency  with  leucite  appeared .  The  researches 
of  Friedel,  however,  have  settled  this  question  in  part,  and  whatever 
the  function  of  the  water  may  be  it  is  something  outside  of  the  true 
chemical  molecule;  for  all  the  water  can  b©  expelled  from  analcite 
by  heat,  without  destruction  of  the  crystalline  nucleus,  the  anhydrous 
salt,  and  it  is  taken  up  again  upon  exposure  of  the  dehydrated  min- 
eral to  moist  air.  But  whatever  its  mode  of  union  maj'  ultimately 
I)rove  to  be,  the  amount  of  water  in  analcite  corresponds  to  the  simple 
molecular  ratio  which  is  shown  in  the  ordinary  formula  of  the  species. 
One  molecule  of  analcite  holds  a  certain  definite  number  of  water 
molecules,  and  Friedel's  observations  are  not  incompatible  with  the 
idea  that  these  are  retained  with  varying  degrees  of  tenacity.  This 
idea  is  suggested  by  the  various  series  of  fractionation  experiments 
which  have  been  made  from  time  to  time  by  independent  workers, 
even  though  the  data  are  not  by  any  means  concordant.  Thus 
LepieiTe  "  found  that  half  the  water  of  analcite  was  driven  off  at  or 
below  300°,  the  other  half  above  440°.  In  our  own  exi)eriments  three- 
fourths  were  expelled  at  300°,  the  remaining  fourth  being  held  up  to 
a  much  higher  but  undetermined  temperature.  In  both  series  the 
water  fractions  are  represented  by  fourths,  but  Friedel's  experi- 
ments* indicate  a  continuity  of  loss  in  weight  of  a  quite  dissimilar 
order.  Friedel  holds  that  all  of  the  water  fractionations  heretofore 
made  ux)on  anaUrite  are  fallacious,  and  that  no  definite  fractions  can 
be  identified — a  conclusion  strongly  supported  by  his  own  data,  even 
though  the  proof  is  not  absolutely  positive.  The  most  that  can  be 
said  is  that  the  weight  of  evidence  so  far  is  in  favor  of  Friedel's 
contention,  but  that  additional  investigation  is  necessary  in  order  to 
reconcile  all  discrepancies.  The  full  significance  of  the  water  in 
analcite  remains  unknown. 

Eliminating  the  water  from  analcite,  the  empirical  formulsB  for 
both  analcite  and  leucite  appear  at  once  to  be  identical  in  form  and 
to  represent  salts  of  ordinary  metasilicic  acid.  Indeed,  both  minerals 
have  been  commonly  regarded  as  metasilicates;  but  upon  this  point 
the  production  of  the  ammonium  derivative's  now  sheds  a  new  light. 
In  the  formation  of  the  latter  compounds  the  fixed  bases  of  the 
original  salts  have  been  replaced  by  a  volatile  base,  and  the  substances 
so  formed  split  up  upon  ignition  in  such  i\  way  as  to  give  evidence 
regarding  their  constitution. 

For  example,  if  ammonium  leucite  is  a  true  metasilicate,  a  salt  of 
the  acid  IlgSiO^,  it  should  break  up,  when  ignited,  in  accordance 
with  the  following  equation : 

2NIi,Al(Si03)2=Al2(8i03),+L>NII,+n./)+Si02; 


"Bull,  Hoc.  chim.  Franco,  ;Wser\e»,Vo\.XV,p.^\A«i«>. 
bBull.  Hoc.,  mill.  France,  Vol.  XlX,p.*«t^,\«»- 
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that  iB,  one-fourth  of  the  silica  ought  to  be  set  free,  measurable  by 
extraction  with  sodium  carbonate  solution.  No  Huch  splitting  off 
occurs,  however.  An  ammonium  leucite  which  already  contained  1.97 
per  cent  of  soluble  silica  gave  only  1.70  per  cent  after  ignition ;  hence 
no  additional  silica  had  been  liberated.  We  may  conclude,  therefore, 
that  analcite  and  leucite  are  not  true  metasilieates,  but  pseudo-com- 
pounds, either  salts  of  a  x>olymer  of  metasilleic  acid  or  mixtures  of 
ortho-  and  trisilicates  analogous  to  those  which  wo  find  among  the 
plagioclase  feldspars  and  in  the  mica  group. 

In  order  to  discuss  the  constitution  of  analcitre,  lot  us  reour  to  our 
analysis  of  the  variety  from  Nova  Scotia.  It  is  at  onco  evident  from 
the  comparison  made  on  a  preceding  page  that  our  sample  of  the 
mineral  varies  notably  in  composition  from  the  re(iuin*monts  of 
theory.  The  silica  is  2i  per  cent  too  high,  while  ahiiuina  and  soda 
are  correspondingly  low.  No  probable  impurity  and  no  presumable 
errors  of  manipulation  can  account  for  so  great  a  divergen(*(\  If  we 
consult  other  analyses,  as  we  find  them  tabulated  in  manuals  like 
those  of  Dana  and  Hintzo,  we  shall  find  other  cases  itssoinbling  this, 
and  also  examples  of  variation  in  the  opposite  direc^tion,  witli  silica 
low  and  an  apparent  excess  of  bases.  Most  anal(*it(*  gives  quit<3 
sharply  the  metasilicate  ratios  required  l)y  the  ac(?ei)t(Hl  formula; 
but  the  variations  from  it  are  large  enough,  common  enough,  and 
regular  enough  to  command  attention.  The  analyses  are  not  all 
covered  by  the  recognized  theory,  and  the  apparent  irregularities  are 
not  fortuitous,  but  are  systematic  in  character. 

One  explanation  of  tlie  seeming  anomalies  is  simple  and  clear.  If 
analcite,  instead  of  being  a  metasilicate,  is  really  a  mixture  of  ortho 
and  trisilicate,  then  all  of  the  analyses  beconu*  intelligible.  In  most 
cases  the  two  salts  ai*e  commingled  in  the  normal  ratio  of  1:1,  but  in 
our  analcite  the  trisilicate  predominates,  while  in  some  other  samples 
the  ortho-salt  is  in  excess.     All  reduce  alike  to  the  simple  expression 

NaAlX.II./), 

in  which  X  repn^sents  nSiOj+mSiaO^,  a  formula  which  agrees  with 
evidence  from  various  other  sources. 

For  example,  analcite  may  Ik*  derived  in  nature*  either  from  ali)ite, 
AlNaSigOj,,  or  iiei)helite,  AlNaSiOj,  and  on  tlie  oth(»r  liand  alterations 
of  it  into  feldspai's  hav(*  been  observed.  Its  closc^st  analogue,  leucite, 
has  yielded  pseudomori)hs  of  orthoclase  and  ela^olite,  whih^  leucite 
and  analcite  are  mutimlly  convertible  each  into  the  other.  The  evi- 
dence of  this  character — the  evidence  of  relationship  between  analcite 
and  other  species — is  varied  and  abundant,  and  the  simplest  conclusion 
to  be  drawn  from  it  is  that  which  huf'  l>een  given.  Every  alteration, 
every  derivation,  every  variation  in  the  composition  of  analcite  points 
to  the  same  belief.  The  consistency  of  the  data  caw  wkit  ^'^\l  \^ 
denied. 
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In  the  ease  of  a  noriiial  aimlciu^ — that  is,  one  which  conforms  to  the 
usual  empirical  formula — the  expression  which  best  represent'S  these 
relations  is 

Al,Na4  (SiO^).  (SigOJa.  4II,0; 
and  leucite  is  tlie  corresponding  potassium  salt,   but  anhydrous. 
Structurally  this  is  comparable  with  the  formuhe  of  garnet,  zuuyite, 
sodalite,  and  noselite,  all  of  which  are  isometric  in  crystallization. 
The  more  imjwrtantof  the  symbols  an*  as  follows: 

Si(),=('a                 SiO,=Naj                    SiO^=Na.i 
/        \ca             /        \a1-C1           /       \Al-SO4-Na 
Al Si(),=Ca      Al Si(),=Na2  Al SiO^^Na, 

,       \         \ 

Si( ),  ^  Al  SiO^  -  Al  SiO^— Al 

(htrnet.  SodcUite,  Noselite. 

Si(),=K,  Si()4=Na2 

\V1-Si04-Al          /        NaI-SIO^-^^AI 
Al^ Si3()v,=  K^  Al Si30H=Na2  +4H,0 


SiaOy— Al  SigO^-Al 

lAmcite.  Analcite, 

That  is,  analcite  aiiid  leucit-e  become  membei's  of  the  gamet-sodalite 
group  of  minerals,  and  their  relations  to  nephelite,  albite,  etc.,  natural 
and  artificial,  are  perfectly  clear.  In  analcite  there  may  be  admix- 
tures of  strictly  analogous  ortho-  or  trisilicate  molecules;  but  these 
remain  to  be  separately  discovered.  The  ammonium  salt  correspond- 
ing to  such  a  mixture,  when  ignited,  might  be  expected  to  give  the 
foilowing  rea(»tion : 

Si<)4=Ani,,  SiOg 

^Al-Si:j(),— Al                      /        NAl-SigOg^Al; 
Al Si<),  =  Ani.  -2Am2()=Al SiOg 


Si:j<),     Al  Si30„:^AI 

a  fvaction  which  is  in  harmony  with  our  cxiM»rimental  results.  In  it 
no  free  silica  appears;  and  many,  if  not  all,  conditions  of  the  problem 
are  satisfied.  One  difficulty,  however,  stands  in  the  way  of  an  unqual- 
ified ac(H^i)tance  of  these  foiinuhe.  Garnet,  sodalite,  nephelite, albite, 
etc.,  arc  but  moderately  attacked  by  ammonium  chloride,  and  so  far 
have  viddcd  no  definite  ammonium  derivatives.  Whether  this  dif- 
ferenc(»  in  l)ehavior  is  constitutional  or  not  it  is  hardly  possible  to 
s/iy,  hut  it  must  b<*  tak(»n  into  account  in  connection  with  all  of  the 
other  ovidenee.      \S\\  must  remeiubev,  motviOV^\\  W\aV  Wv^  Isnsx^aB^ 
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are  not  ultimate  verities  to  Ix^  blindly  aoct^pted.  Thoy  are  simply 
expressions  which  represent  c^oiiiposition  and  a  widi^  ran^e  of  estab- 
lished relationships,  and  which  serve  a  distinct  purpos(^  in  tho  correla- 
tion of  our  knowled^.  Properly  used,  with  due  recognition  of  their 
limitations,  they  are  helpful,  and  suggest  possi])ilitics  of  research; 
misused,  they  may  become  mis(*liievous.  They  now  satisfy  most  of 
the  known  conditions,  and  that  is  a  suflicicMit  warrant  for  their 
existence. 

POLLUCITE. 

On  account  of  the  general  analogy  1)otwcen  ]K)llucito,  analcite,  and 
leucite,  the  first-named  slK^cics  of  the  tlire(»  seemed  to  des(»rve  some 
attention.  Through  the  kindness  of  Prof.  S.  L.  I\M)ii('ld,  alM)ut  10 
grams  of  very  pure  material  from  Hebron,  Me.,  was  put  at  our  dis- 
IXNsal,  and  three  analyses  of  it  by  Wolls  wen*  already  on  n^'onl.*" 
The  average  of  these  analyses  is  as  follows: 

SiO, 43.58 

AijO, !«.«: 

CllO 22 

Na|0.  - l.Hl 

K,0 49 

Ll,0 (U 

Cb,0 -.   -      «0.<)« 

H,0 1.52 

m).m 

Five  grams  of  the  finely  jKiwdered  mineral  was  li(^ate<l  in  a  si^al<Ml  t  ube 
with  four  times  it«  weight  of  ammonium  chloride  to  li.^if  during  forty 
hours.  Upon  leaching  with  water  0.14  iH»r  cent  of  CaO,  1.2S  of 
Na,0,  and  12..3()  of  C/S^O  were  exlmcted.  I^robably  the  <*alcium 
chloride  formed  contained  some  potassium  chloride,  ])ut  tliat  point 
was  ignored  as  irrelevant.  The  air-dried  n»sidue  had  tlio  following 
composition  : 

SiO, 49.21 

AljOj lH.:w 

CaO ii()ii«» 

C8,0(KaO) 2M.S4 

Na|0 - -  -  uono 

NH, .  2.52 

H,0- -  .     1.91 


The  high  summation  liei*e  is  due  to  reckoning  some'  KCl  as  CsCl. 
Of  the  silica  in  this  piiKluet  :2.3r)  i}qv  cent  was  soluble  in  the  sUmdard 
solution  of  sodium  <^arb(mati*.  After  ignition,  4.1*^  ihm  cent  was 
soluble.     Some  silica,  therefore,  was  split  off  by  heating. 

« Am.  Jour.  8fi.,  *l  h^tuw, Vol.  X\ A,  v-  iV-VAWX. 
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In  a  second  experiment  one  gram  of  pollucite  was  heated  with 
ammonium  chloride  for  five  hours,  the  other  conditions  being  the 
same  as  ])efore.  Upon  leaching,  11.55  jier  cent  of  Cs,0  was  extracted, 
and  a  partial  analysis  of  the  air-dried  residue  gave  the  following  data: 

SiO, 47.S7 

AljOs 17.85 

NH, 2.88 

H,0.. 1.55 

AlkalieH  (by  difference) 29. 90 

100.00 

The  two  products  were  evidently  the  same,  and  only  about  one- 
third  of  the  alkalies  in  the  pollucite  had  been  extracted.  So,  also, 
the  ammonia  taken  up  was  only  about  one-third  of  that  which  was 
retained  by  analcite  and  leucite.  The  transformation,  then,  is 
mei*ely  partial,  and  further  experimentation  seems  to  be  unnecessary, 
at  least  for  present  purposes.  The  analog}^  with  analcite  and  leucite 
is  far  from  perfect. 

NATROLITE.  , 

In  a  preliminary  experiment  upon  an  impure,  yellowish  natrolite  | 

from  Aussig  in  Bohemia,  we  found  that  this  species  was  peculiarly  i 

well  suited  to  reaction  with  ammonium  chloride.     By  heating  with 
the  reagent  in  a  sealed  tube  and  subsequent  leaching  with  water,  | 

17.50  per  cent  of  bases  was  extracted,  and  in  the  residue  8.29  per  | 

cent  of  ammonia  was  found.     Careful  work  upon  this  species  was  I 

therefore  desirable. 

The  material  available  for  our  experiments  came  from  the  well- 
known  locality  at  Bergen  Hill,  N.  J.,  and  consisttHl  of  a  mass  of 
slender  needles  densely  matted  together.  Part  of  the  uniform, 
ground  sample  was  analyzed,  with  fractional  determinations  of  the 
wiiter,  and  part  was  used  for  the  sealed  tube  experiments,  precisely 
as  in  the  research  upon  analcite  and  leucite.  Three  of  these  experi- 
ments were  made,  and  in  each  case  the  natrolite  was  mixed  by  grind- 
ing in  an  agate  mortar  with  four  times  its  weight  of  dry  ammonium 
chloride,  after  which  it  was  heated  to  350°  in  the  sealed  tube.  Even 
dui'ing  the  giinding  a  slight  reaction  took  place,  and  a  distinct  smell 
of  ammonia  was  given  off  by  the  mixture.  With  pectolite  the  same 
smell  was  perceived.  The  three  experiments  may  be  summarized  as 
follows: 

A.  Heated  eleven  hours.     Upon  leaching.  14.89  per  cent  of  soda  and  1.20  of 
liuie  wer(i  extracted.     In  the  residue  9.26  per  cent  of  ammonia  was  found. 

B.  Heated  nine  hours.  Leach  not  examined.  9.26  of  ammonia  in  residue. 
The  comj)lete  analysis  of  the  residue  is  given  farther  on. 

C\  Hf^ated  three  hours.     14.09  x>er  cent  oi  BoAa  an(?L  ^.^l^  ol\\\\\^ >N^tQ  extracted. 
Tbi' residue  contained  8.87  per  cent  of  ammoma.    lii  l\i\»  va&\a»si%  >i>afe 
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relatively  brief,  in  order  to  learu  whether  its  dnration  could  be  tulvaiita- 
geoiuly  leisened.  The  reaction  was  evidently  les8  complete  than  in  exiM'rinientH 
AaadB. 

In  the  Hubjoined  table  we  j^i  ve  firet  the  analysis  of  the  natmlito  it.self , 
and  then  that  of  the  leaehetl  n»sidue  fn>ni  exjK'sriment  15.  In  tlie  latter 
we  found  that  0.8G  per  eent  of  silica  was  soluble  in  S4kUuiii  carbonate 
solution,  and  that  soda  and  lime  reniaine<l  corresponding  to  4.^)1  ix)r 
centof  theoriginal  mineral.  Deducting  these  impurities,  together  with 
the  0.43  jHiT  cent  of  hygroscopic  water,  and  n^calculating  to  KK}  i>er 
cent,  we  get  the  reclwed  comx^osition  of  the  residue.  In  the  last 
oolumn  is  given  the  calculated  comx)osit  ion  of  an  anhydrous  amnion  i  urn- 
natrolite,  (NIl4)jAl2Si30,u.  This  comi)ound  has  evidently  iR^en  formed 
to  an  extent  represented  liy  over  94  {wn  cent  of  the  leached  natrolite 
residue.  The  agreement  l)etween  th(M)ry  and  even  the  unredu(*ed 
analysis  is  practically  conclusive  on  this  ]N)int. 


Natnilitr       Kt'sidue         Ri-siduo       1??!***:^}* 
found.  fciund.  rwlurtKl.    |     Jjjjli'i^ 


SiO. 

Al,Qi 

CaO 

K,0 

Na,0 

NH, 

H,OatlOO  .    . 
H,0  above  100 


40. 62 

r):{.7l 

53.  K6 

54. 06 

26. 04 

29.  «4 

30.52  1 

:«).  43 

1.4H 

.34 

..._._ 

... 

nontf 

. . 

15.67 

M7  ' 

-  - .    _    -    -    _ 

_  _ 

. 

9.26 

9. 85 

10.14 

.:«) 

.42 

- . 



10.  IS 

5. 94 

•>.     1    1 

5. 37 

1<M).3H  99. 9S  100.  (M)  KM).  00 


The  fractional  water  determinations  will  be  given  later,  in  connec- 
tion with  similar  data  for  scolecite  (p.  25). 

It  may  not  be  superfluous  to  uoU'  that  the  water  given  in  the  last 
two  columns  of  the  foregoing  tabU»  represents  the  difTerenee  betwe(»n 
ammonia  and  the  hyimthetical  amnion  in  ni  oxide  which  has  rex)la(*ed 
soda. 

Two  other  experiments  upon  natrolite  remain  to  be  noticed.  Fii'st, 
the  fresh  mineral  was  l^oih^l  for  fift<»en  minutes  with  a  25  jkm'  <»ent 
sodium  carbonate*  solution;  0.72  per  centof  silica  tlissolvcd.  Similar 
treatment  of  ignited  natrolite  took  out  0.02  per  cent.  No  silica  is 
split  off  by  ignition.  Ammonium  natrolite  before  ignition  yielded 
0.86  per  cent  of  soluble  silica,  and  after  ignition  O.SG  i>cr  cent.  Here 
again  no  silica  had  been  si)lit  off  from  tlie  molecule,  and  practically 
none  was  lilxjratcd  by  the  action  of  the  ammonium  chloride  ui)on  the 
natrolite.  A  simple,  direct  substitution  of  amnumium  for  smllum 
bad  occurred. 
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Heated  with  ammonium  cliloride  in  an  open  crucible,  iiatrolite  gives 
only  a  partial  reaction.  Tliis  is  shown  In-  the  earlier  experiments  of 
Schneider  and  Clarke  upon  natrolite  fn^m  Magnet  Cove,  Arkansas, 
from  which,  by  a  triple  lieating  with  the  reagent,  only  9.50  per  cent 
of  soda  was  extracte<l  out  of  a  tot^il  of  15.40. 


SCOLECFFE. 

On  account  of  the  well-recognize<l  analogy  between  natrolite  and 
scolecite,  the  latter  mineral  seemed  to  be  iK»euliarly  worthy  of  exami- 
nation. The  specimen  at  our  disposal  was  a  mass  of  stout,  radiating 
needles,  which  was  collected  by  one  of  us  at  Whale  Cove,  on  the  island 
of  Grand  Manan,  New  Brunswick.  Scolecite,  we  believe,  has  not 
hitherto  been  recorded  from  this  lo<»ali1y,  and  on  this  account  alone 
the  material  deserved  attention. 

Three  sealed  tube  experiments  were  carried  out,  (essentially  as  in 
the  case  of  natrolite,  as  follows: 

A.  Heated  ten  hours  at  350" .  13.74  i)er  cent  of  lime  and  O.3.")  of  8oda  were  taken 
ont.    The  residue  contained  8.78  pc»r  cent  of  ammonia. 

B.  Heated  ten  hours  at  370  .  12.97  of  lime  and  0.22  of  s<»da  were  extracted. 
8.48  per  cent  of  ammonia  in  the  residue.  On  account  of  the  excessive  temperature 
of  this  experiment,  some  reversion  of  the  con  vert  e<l  material  ha<l  taken  place. 

C.  Heated  five  hours  at  'MO  -350' .  Leach  not  studied .  8.91  per  cent  of  ammonia 
in  residue. 

Analyses  of  the  scolecite  and  of  residues  B  and  C  are  given  l>elow. 
The  less  perfect  transformati<)n  in  the  <*ase  of  B  is  evident. 


SiO, 

Al/), 

Ca( )       

Na/)       

NH3 

H,0  at  UM)  ... 
H/>alx)ve  lOO 


Htito.      1 

Residue  B. 

4r,.8r)  ' 

53. 39 

25.78  , 

30.51 

13.92 

.62 

.41  ' 

nndet. 

1 

8.48 

.40 

.74 

13.fi.*) 

6.28 

Residne  C. 


100.02 


100. 02 


53.69 

80.50 

.42 

.29 

8.91 

.12 

6.52 

100.45 


The  pioduct  of  the  reaction  is  plainly  th(»  same  as  that  obtained 
from  natrolite,  and  the  identity  in  t3^pe  of  xhv  t  wo  speci(\s  is  i)ei*fectly 
clear.  This  fact  is  further  (emphasized  by  an  (^\peri^lent  upon  the 
solubility  of  silica.  The  fresh  scoleciti*  ju^ave  up  0.30  per  cent  of  silica 
to  sfKlium  carl^onate  solution,  and  the  ignited  mineral  yielded  only 
0..5()  i)er  cent.  Again,  natrolite  and  scolecite  behave  in  the  same  way. 
Upon  Jmth  mi n anils  fi-a(*tional  de\eYm\\u\l\o\\s  of  IW  water  were 
muilv,  and  the  amount   lost  at   ea(*\\  te\\\\>eYaU\Yv^  wws  wo\fc^,   'Y>Dkfe 
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results,  expressed  in  percentaj?es  of  tho  original  minerals,  were  as 
follows: 


•r-. 


remperatnre. 


100" 

180" 

aso*"... 

«50" 

Incipient  Tednf«8 

Full  redneHs 

Over  blast 


1 

Water  lont. 

Nat 

rollte. 

8colo<;lti». 

1 

0. 3» 

0.40 

.40 

.52 

.:J7 

4.76 

H.  51 

.55 

7*> 

7.72 

.12 

.04 

.(Mi 

.06 

10.57 

14.05 

Scoleoite  contains  one  nioro  niolecuU'  of  water  than  natrolit.(%  and 
that  amount,  one-thinl  of  its  total,  seenis  to  ^o  olT  at  a  lower  temper- 
ature than  the  other  two  nioleeuloH.  Othtu'wise  th<»  two  series  of  ex- 
periments an?  probably  not  far  apart,  and  they  indicate  that  th(»  water 
is  in  neither  case  constitutional.  Hie  same  conciusicm  is  sug^^sted 
by  the  existence  of  the  anliydroiis  ammonium  compound,  the  three 
formulie  being  as  follows: 


Scolecite 

Natrolite ... 

Ammoninin  nutroUti^ 


CaAl^SisO,,,.  '.m^O 
Na,ALSi:,(  ),„.  2H,0 
(NH,),Al,Si:,(),„ 


The  parallelism  is  complete^  J^ud  all  three  compounds  are  evidently 
salts  of  an  a(*id,  Hj^Si-jO,,,,  whidi  is  probably  orthotrisilicic  a<;id, 
Si302(OIT)j,.  Th(^  ndations  of  this  acitl  to  its  anhydrides  will  Im^  <»on- 
sidered  lat^^r. 

I»REHXITE. 

In  a  former  bulletin  upon  the  constitution  of  the  silicat(»s, "  on<^  of 
us  attempted  to  show  that  natrolite,  scoh»cite,  and  pn^hnitc  were 
similar  in  chemic'al  struct in*e,  provided  that  all  or  i>art  of  th(Mr  water 
was  regarded  as  constitutional.  The  form u he  thcMi  assigned  w(M-e  as 
follows: 


Scolet^it** 
NatroliU^ 
Prebiiito. 


Al,(SiO,):jCaH,.  H,() 

Al,(Si()4)3N}t,II, 

Al^lSiOjaCaaH, 


Two  of  thes<»  formulae  must  now  be  abandoned,  lK>cause  of  the  oxi>er- 
imental  evidence  which  we  have  obtained,  but  the  prehnite  remains 
to  \ye  considered. 
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The  material  chosen  for  examination  was  an  old  specimen  of  preh- 
nite  from  Paterson,  N.  J.  The  analysis  of  it,  with  fractional  water 
determinations,  is  given  below: 

SiO, _ , -..  42.31 

AljOj. 19.95 

Fe,Os _ 6.20 

FeO - -  - none 

CaO_.- - .-  26.68 

H,0..   - - -  - - - -  5.02 

100.11 
Practionai  nmter. 

AtlOO*'. 0.21 

At  ISO** .,.- - 18 

At  250^ - 10 

AtSSO'' 11 

Incipient  red  heat .28 

Full  red  heat 4.05 

Over  blast .09 

5.02 

With  sodium  carbonate  sulution,  0.38  per  cent  of  silica  was  ex- 
tracted from  the  fresh  mineral.  From  the  ignited  prehnite,  1.22  per 
cent  was  taken  out.  Very  little  silica,  therefore,  is  liberated  by  ignition. 

Two  determinations  were  made  of  the  action  of  ammonium  chloride, 
as  follows: 

A.  Heated  eight  hours.  On  leaching  with  water,  1.31  per  cent  of  lime  and  0.17 
of  alumina  dissolved. 

B.  Heated  twelve  hours.  1 .41  per  c«nt  of  lime  was  extracted,  and  in  the  washed 
residue  0.22  per  cent  of  ammonia  was  found. 

Prehnite,  therefore,  differs  widely  from  natrolite  and  scolecite  in 
its  behavior  with  ammonium  chloride.  Very  little  action  takes  place, 
even  upon  long  heating  to  350"  in  a  sealed  tube,  and  practically  no 
ammonia  is  absorbed.  Tlie  water  is  more  firmly  held  than  was  the 
case  with  the  other  two  minerals,  and  is  almost  certainly  to  be  regarded 
as  constitutional.  The  orthosilicate  formula  for  prehnite  is  unaf- 
fected by  these  results,  and  may  stand  as  fairly  probable.  Prehnite 
can  not  be  correlated  with  natrolite  and  scolecite  on  any  basis  of 
similar  chemical  structure. 


THE  TRISILICIC   ACIDS. 

We  have  already  shown  that  natrolite  and  scolecite  are  probably 
salts  of  an  orthotrisilicic  acid,  Ilj^SaOnj,  an  acid  which  is  not  particu- 
larly well  known.  As  it  has  interesting  relations  to  other  compouuds, 
some  discussion  of  its  constitution  and  its  derivatives  may  not  be  out 
of  place  here. 
TJio  general  theory  of  the  silicic  acids  \h  exlr^mviVy  ^\m^le.  Silicon 
being  a  quadrivalent  element,   its  i\or\\\a\  ae\vV,  \.\ve  o^VVo^sNAavi^  Ssa* 
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8i(OH)4.     From  this,  by  successively  eliminating   two  molecules  of 
water,  two  anhydrides  may  be  derived,  thus: 

QrthooUicic  add SiCOH)* 

First  anhydride,  metasillcic  acid O-  Si  -  (OH), 

Second  aiihjrdride,  fdlioon  dioxide  . O  =Si  ^^ 

These  acids,  containing  one  atom  of  silicon  each,  may  1m^  (*alled  the 
monosilicic  acids,  and  some  of  their  salts  are  x>erfectly  wc^ll  known. 
Olivine  and  anorthite,  for  instance,  are  orthosilicjlt^^s,  while  the  true 
metasilicates  are  represented  by  talc  and  pectoliU^  The  evidence  in 
the  case  of  the  last-named  mineral  will  be  pi*escnte<l  later. 

When  two  molecules  of  orthosilicic  acid  coalesce,  with  elimination 
of  water,  an  orthodisilicic  acid  is  formed,  and  this  is  the  fli*st  member 
of  another  series,  as  follows: 

Si=(OH),  Si=(OH)s  0=Si  -OH 


Si=(OH), 
Orthodisilicic  acid. 


O 


0=Si-OH 
Metadisilicic  acid. 


O 


0=Si-OH 
Pyronilicic  acid. 


To  the  first  and  third  of  these  acids  various  minerals  correspond. 
The  second  acid,  however,  is  a  poljiner  of  metasilicic  acid,  but  differs 
from  the  latter  in  its  possible  derivatives.  When  an  acid  metasilicate 
is  heated  silica  is  set  free,  but  in  the  case  of  a  metadisilicate  this 
would  not  necessarily  occur.  Possibly  leucite  and  anaU^ito  may  ])e 
metadisilicates,  altliough  the  evidence  so  far  prestMitc^l  does  not  sup- 
port this  view.  The  possibility,  however,  we  are  <*ompelle<l  to  ivcog- 
nize  as  one  which  might  ultimately  be  verified. 

With  the  coalescence  of  three  orthosilicic  molecules  a  series  of  trisi- 
licic  acids  begins,  and  one  of  these  forms  salts — the  feldspai^s — which 
are  the  most  abundant  compounds  existing  in  the  mineral  kingdom. 
The  acids  of  the  series  are  these : 


Si-(OH)3 


O 


Si=(OH), 


O 


Si=(OH), 
Orthotrisilicic  acid. 


Siz?(OH), 


O 


Si=0 


O 


Si^(OH), 


O 


Si=0 


O 


Si:E:(OH)s  0=Si-OH 

Metairiailicic  acid.     Trtailicic  acid. 


0=Si-OH 


O 


Si=0 


O 


0=Si-OH 
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The  third  anhydride  represents  an  acid  to  which  no  known  salts 
correspond.  One  step  further  and  we  have  a  fourth  anhydride^  SijOg, 
or  empirically  Si02,  which  may  or  may  not  be  the  true  formula  of 
quartz.  Quartz  is  undoubtedly  a  polymer  of  SiOj;  its  most  frequent 
associates  are  trisilicates — ^the  feldspars — and  hence  the  formula  SigOg 
has  a  certain  degree  of  plausibility.  This  suggestion,  however,  is 
purely  speculative  and  has  no  definite  scientific  value.  Its  validity 
would  he  most  difficult  to  establish. 

From  the  first  of  these  trisilicic  acids  natrolite  and  scolecite  appear 
to  be  derived.  If  we  ignore  the  "zeolitic  water,"  which  is  not  a  part 
of  the  essential  silicate  molecule,  the  two  compounds  may  be  formu- 
lated thus: 

Si-03=iAl  Si=03=Al 


1        i 


Si  =  0,-=Na,  Si-^0,-=Ca 

i  i 

Si^Os  =  Al  Si  =  0,H=Al 

Natrolite.  Scolecite. 


So  far,  no  otlior  salts  of  this  acid  have  been  clearly  identified. 

The  second  acid  of  tlie  series,  like  the  second  of  the  disilicic  acids, 
is  a  polymer  of  the  ordinary  metasilicic  compound.  It  is  well  under- 
stood that  many  so-called  metasilicatcs  are  not  representatives  of  the 
simple  acid  IljSiOg;  some  of  them  are  mixtures  of  orthosilicates  with 
salts  of  the  tliird  acid  in  this  gi'oup,  H^  SigO^,;  others  may  be  derived 
from  polymers  like  that  which  is  now  under  consideration.  For 
example,  anhydrous  analcite  and  jadeite  are  both  represented  by  the 
empirical  formula  NaAlSijOg,  but  they  differ  widely  in  density,  in 
solubility,  and  doubtless  also  in  crystalline  form.  One  molecule, 
then,  is  much  more  condensed  than  the  other.  If  analcite  should 
prove  to  be  a  metadisilicate,  then  jadeite  may  be  its  equivalent  in  the 
trisilicic  series,  or  it  may  belong  with  some  still  higher  polymer.  The 
possibilities  are  many,  but  to  (establish  any  one  of  them  by  proof 
would  demand  more  evidence  than  is  yet  in  our  possession. 

The  third  meml)er  of  the  trisilicic  series  is  the  most  important  of 
all,  for  among  its  salts  are  the  two  feldspars,  albite  and  orthoclase, 
which  together  make  up  fully  one-half  of  the  solid  crust  of  the  earth. 
It  is  also  noteworthy  from  the  fact  that  its  formula  can  be  so  written 


CIjARKBA1ID~1 

aruoBE.   J 


STILIIITE. 
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as  to  repreHent  two  isomeric  forms,  to  which  distinct  salts  prolmbly 
correspond.     The  two  formula)  are  as  follows: 


Si- (OH), 

0 

81 --0 

O     Si     OH 
0 

and 

Si      (( )E 

o 


O:    Si  — OH 


O 


()     Si  — OH; 


and  their  siKnificaiice  is  clear  when  we  reiuemluM-  that  the  ordinary 
trisilicates  nn'  commonly  dimorphous.  Thus  we  hav(»  orthoclasc  and 
soda  orthoclase,  monoclinic;  and  albite  and  microcline  triclinic;  one 
pair  perhaps  belonginjj^  to  one  isomer,  the  other  to  the  <>ther.  The 
rare  minerals  eudidymile  and  epididyniite,  which  are  also  isomeric 
trisilicates,  further  illustrate*  the  same  conception;  hut  wc^  can  not  as 
yet  assi^  either  compound  distinctly  to  either  formula. 

By  an  extension  of  the  process  herein  elevelopcnl,  which  is  by  no 
means  new,  higher  polysilicic  series  may  l)e  formulated.  Since,  how- 
ever, snch  acids  correspond  to  no  definitely  known  salts,  to  write  their 
formulse  would  b<>  a  useless  exercise  of  the  imagination,  lieyond  the 
trisilieic  acids  we  enter  the  region  of  the  unknown. 

STILBITE. 

The  specimen  selc(*ted  for  study  was  a  nearly  white,  typical  exam- 
ple from  Wassons  IJlulT,  Nova  Scotia.  The  analysis  and  the  fractional 
water  determinations  were  as  follows: 


SiO,. 

A1,0, 

Fe,0, 

MgO 

CaO. 

Na/> 

H,0. 


Hi.  ST, 
AS 
.05 

7.:h 

100.  T)! 


Fracfiotutf  initrr. 

At  100         ;j.  00 

At  180 6.40 

At  250 :}.M0 

At350' - :.-- 2.10 

Low  rednesH 2. 95 

Full  redness  .. .06 

Over  blast 04 


V^.^V 
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On  boiling  with  sodium  carbonate,  1.37  per  cent  of  silica  went  into 
solution.  After  ignition,  only  1.03  per  cent  was  obtaiued.  No  sUica, 
therefore,  is  split  off  when  stilbite  is  ignited.  If  the  mineral  were  a 
hydrous  acid  metasilicate,  H4CaAl2Si«0,g.4H20,  as  has  been  assumed 
by  some  authorities,  one-third  of  the  sili<^  should  have  been  set  free. 
Hence  the  metasilicate  formula  is  to  be  r^rarded  as  unsatisfactory. 
The  evidence  here  presented  counte  for  something  against  it. 

Two  samples  of  the  ammonium  chloride  derivative  were  prepared. 
In  leaching  with  water  the  insoluble  residue  was  washed  until  the  wash- 
ings gave  no  reaction  for  chlorine.  The  chlorine  shown  in  the  sub- 
joined analyses  is,  therefore,  present  in  an  insoluble  form  and  not  as 
adhering  ammonium  chloride.  Dried  at  50°  the  two  products  gave 
the  following  composition: 


SiO, 

A1,0, 

CaO 

Na,0. 

NH,.. 

H,0-. 

Cl...- 

Le88  O 


A. 

1 

B. 

60.80 
18.36 

1.86 
.08 

5.12 
12.96 

1.31 

60.67 

18.25 

1.46 

.15 

5.13 

13.91 

1.04 

100.49 
.29 

100.61 
.23 

100.20 

100.38 

Sample  B  was  further  examined  as  to  the  presenex?  of  soluble  silica, 
and  l.o2  |H»r  (fcnt  was  found.  After  ignition,  only  1.62  per  cent  went 
into  solution.  These  results  conform  to  those  obtained  with  the  orig- 
inal stilbite,  and  tend  to  show  that  the  ammonium  derivative  is  a  com- 
pound of  the  same  order.  In  the  case  of  the  un ignited  substance  the 
residue  remaining  after  the  removal  of  soluble  silica  was  thoroughly 
washed,  and  then  examined  for  alkali.  It  was  found  to  contain  9.30 
per  cent  of  soda,  which  shows  that  the  ammonium  salt  had  been  trans- 
forni<»d  bacfk  into  the  corresponding  sodium  compound. 

From  th<»  foregoing  facts  it  is  clear  that  stilbite,  like  the  zeolites 
Xirevioiisly  studied,  is  converted  by  the  action  of  ammonium  chloride 
into  an  ammonium  salt.  That  is,  sodium  and  calcium  are  removed 
as  chlorides,  ammonium  taking  their  place  to  form  ammonium  stilbite. 
The  reaction,  however,  is  less  complete  than  it  was  in  the  cases  of 
anahnte  and  natrolite,  but  whether  this  is  due  to  a  greater  stability  of 
the  stilbite  molecule  or  only  to  a  different  degree  of  fineness  in  the 
powder  upon  which  the  operations  were  performed,  we  can  not  say. 
Neither  have  we  any  explanation  to  otter  oi  \»\i^  Te>\«vi\Aft\i  o^  OG\<(sca^ 
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by  the  ammonium  derivative.  Although  the  amount  of  chlorine  is 
smally  it  needs  to  be  accounte<l  for. 

If  we  discuss  the  composition  of  the  stilbite  and  of  its  ammonium 
derivative,  the  relations  between  them  become  very  clear.  Neglect- 
ing the  water  as  **zeolitic,"  to  use  Friedel's  phrase,  and,  therefore, 
as  not  a  part  of  the  chemical  molecule,  and  also  rejecting  the  1.37  x)er 
cent  of  soluble  silica  as  i)robably  an  impunty,  the  ratios  derived  from 
the  analysis  give  this  empirical  formula  for  the  mineral  : 

Na4oC.  a,  ioAl332Si9„i(  '^^f^y 

This  corresi)ond8  to  a  mixture  of  ortho-  and  trisiliciites  in  which 
SijOg :  Si04 : :  280 :  4iJ ;  and  uniting  these  radicles  under  the  indiscrimi- 
nate symbol  X,  wo  havo,  hs  a  inon»  g(^noral  expression, 

rs  a.i4,C.ai.i„Ai.j.y  A:{26 ; 
or  combining  monoxide  bases, 

which  is  essentially  R'Al.^X.,.  Sin<^e  the  SiC)4  groups  art^  practically 
equal  in  numlwr  to  the  sodium  atoms,  the  stilbite  is  probably  a  mix- 
ture, very  nearly,  of  NaAlSiO^  and  CaAl.,(Si30H)y  in  the  ratio  of  1:7 
This  is  in  accordance  with  the  well-known  theory  of  Fresenius  as  to  the 
constitution  of  the  phillix)site  group,  to  which  stilbite  belongs.  Stilbite 
is  mainly  a  hydrous  <*alcium  albite,  commingled  with  varying  amounts 
of  corresponding  orthosilicates  of  soda  and  lime. 

For  the  ammonium  derivative  similar  i^elations  hold.  Taking  analy- 
sis *'B"  for  discussion,  rejecting  soluble  silica  and  chlorine  as  impu- 
rities, and  neglecting  all  water  except  that  which  belongs  to  the  sup- 
posable  ammonium  oxide,  the  ratios  give  this  formula: 

(  N  1 14  )3Q|  ^  a4Ca.^ AlgjgSlgjjgl  )2,jH^| . 

Uniting  sodium  and  calcium  with  ammonium,  this  becomes 

K\,,,Al,^(Si,()«),,4(Si04)4,; 
or,  more  generally, 

1"^  :i5T''*^l:jr>HX;ir,7)=^  1:1:1. 

The  derivative,  therefoiv,  is  a  compound  of  the  same  order  as  the 
original  atil))ite,  with  the  ratio  of  1:7  still  holding  betw<MMi  the  ortho 
and  trisilicate  groups.  This  conclusion,  howev(M-,  ignores  the  pres- 
ence of  chloriiH^  and  is,  therefore*,  inexact  to  scmie  extent.  We  are 
not  dealing  with  ideally  pure  compounds. 

HKULANDITE. 

Pure,  white  heulandite  from  Herufiord,  Iceland,  was  the  material 
taken  for  investigation.  Upon  boiling  with  sodium  carl)onate,  1.73 
per  cent  of  silica  went  into  solution.  From  previously  ignited  heu- 
landite, only  1.14  per  cent  was  extracted.  No  silica,  therefore,  was 
liberated  upon  ignition,  and  a  hydrous  motasilic^te  CotislwIvn.  ^vw  ^^^ 
mmeral  seems  to  be  im]>robable.     On\y  oivoi  \o\>  ol  >}k\^  ^xsissLWsLxswa. 
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chloride  derivative  was  prepared,  and  it.s  <M>mi)08itioii,  together  with 
that  of  the  heuiandite,  is  j;:iven  l)elow. 


SiO, 

A1,0, 

MgO. 


CaO      

St()     

Na,0        

K/J 

NH, 

H2O  at  UH) 
HjC )  alxive  KM) 


HpalAndit«. 

Ammonium 
salt. 

.-»7. 10 

61.24 

16.82 

18. 00 

.07 

6.95 

2. 5(; 

.46 

1.25 
.42 

} 

.60 

4.42 

:j.61 
18.00 

} 

13. 6;^ 

U0.68 

100. 45 

Ilen^,  a^ain,  we  have  the  same  kin<l  of  transformation  as  Ixjfore, 
but  mther  less  eomplete  than  in  the  ease  of  stilbite.  That  the  ammo- 
nium taken  uj)  is  e([uivalent  to  tlie  Imses  I'cmoved  is  shown  by  a  study 
of  the  ratios.  Ignoring  water  and  the  soluble  siliea,  the  heuiandite 
ratios  are  as  follows: 

or,  uniting  bases, 

Again  simplifying,  this  becomes 

or  very  nc^arly  1:2:  2,  as  in  stilbite. 

Similarly  diseussetl,  the  ammonium  salt  gives  the  ratios 

<Mliiivalent  to 

l*- ai^-^^wa-^AW  ***'  1:1:1. 
Ill  lj<jth  <'ases  the  orthosilicato  molecules  are  few,  and  the  com- 
pounds approximate  to  trisilieates  very  closely. 

CHABAZITE. 

C-haract eristic  llcsh-colored  crystals  from  Wassons  Hluff,  Nova 
S<'otia.     Th(»  analvsis  ami  fractional  water  determinations  ai*e — 

ft* 

SiO^. ....     50.78 

Al/)3 17.18 

Fe,03 -     40 

MkO-     -.  -     04 

CaO.    - 7.84 

Na/)         1.28 

K/) 78 

nj> 21.85 


\^.Vi 


CI^RKII  AMD 


] 


OHABAZITE. 


88 


Fractional  water. 


At  100" 
At  180** 
AtSSO** 
At  850' 


5.33 
5.70 
8.93 
3.86 


Low  redness ..     .  4.51 

Full  redness .18 

Over  blast .01 


2\.m 


The  unignited  mineral,  upon  hoilinK  witli  sodinni  carbonate,  gave 
0.86  per  cent  of  soluble  silica.  After  ignition  only  0.53  per  cent  was 
soluble.  Here  again  no  silica  is  Ulcerated  by  calcination,  and  nietasili- 
cate  formula)  may  be  disregarded. 

Two  samples  of  the  ammonium  chloride  derivative  were  prepared, 
which  after  thorough  washing  wen»  dried  at  40°  to  50°.  As  in  the 
case  of  stilbite,  small  quantities  of  chlorine  appear  in  the  comi)ound, 
not  removable  by  washing.  The  amount  of  change  effected  is  also 
somewhat  less  than  with  stilbite,  and  about  the  same  as  with  heuland- 
ite.  The  analyses  of  the  two  samples  are  subjoined,  with  the  remain- 
ing alkali  all  reckoned  as  soda: 


SlOi 

A1,0, 

CaO 

Na.O(K,0) 

NH, 

H,0 

a.... 


O 


A. 

B. 

55.  S8 

56.00 

19. 15 

19.49 

2,25 

3.01 

.  85 

.34 

4.64 

4.88 

16.57 

16.01 

.95 

1.85 

99. 79 

100.03 

.21 

.80 

99. 5H 

99. 72 



In  B,  1.50  iM»r  cent  of  soluble  silica  was  found.  After  ignition  this 
was  reduced  t^>  1. 12  per  (»ent .  No  liberation  of  silica  accompanies  the 
splitting  olf  of  water  and  ammonia. 

Upon  studying  tlu*  molecnilar  ratios  for  chabazite  and  its  derivative, 
relations  appear  precisely  like  those  found  for  stilbite  and  heulandite. 
For  chabazite  itself,  rejecting  walei'  and  the  0.80  per  cent  of  soluble 
silica,  we  have 

or,  consolidating  soda  with  lime, 

Cai:oAl3,o(Si30s)24«(Si04)94. 

9506— No.  :m—02 3 
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One  step  further  and  this  l^ecomcs 

^^To-^  ^540-^  340^^  1 :  L :  2. 
Treating  derivative  "B  "  in  the  same  way,  and  ignoring  chlorine  «s 
an  unexplained  impurity,  the  analysis  gives 

(NH,)3^Na8Ca^AWSi30«)2«,(SiO,)n,; 
or,  consolidating  bases  as  before, 

R'3g2Al382X3.8= 1 1 1 1 1  ucarly. 

The  assumption  of  commingled  ortho-  and  trisilicate  molecules  con- 
forms to  Streng's  theory  of  the  constitution  of  chabazite. 

THOMSONITE. 


The  compact-fibrous  variety  from  Table  Mountain,  near  Golden, 
Colo.    Analytical  data  as  follows: 

SiO, 41.18 

AljO, 29.58 

CaO --.  11.25 

Na,0 -  5.31 

H,0 - --  13.18 


100.40 


Fractional  ivftter. 


AtlOO'' 1.01 

AtlSO" _ 1.44 

At250".- -.- 1-05 

At350" - --.-     8.90 

Low  redness 5.65 

Over  blast 08 


13.18 


Before  ignition  the  mineral  yielded  0.45  percent  of  silica  to  sodium 
carbonate  solution.  After  ignition  0.68  per  cent  was  soluble.  The 
difference  is  trifling. 

Two  samples  of  the  ammonium  chloride  derivative  were  prepared. 
In  A  the  heating  was  only  U)  3(KJ'^,  in  H  to  350°.  Analyses  of  the 
leached  products  gave  the  following  results: 


A. 


B. 


SiO^  . 
A1,0,  . 


CaO  . 
Na,0 
NH3. 
H,0 


42.41 

42.  es 

m.  50 

31.84 

10. 00 

9.23 

2. 63 

2.48 

2. 45 

2.67 

11.06 

11.81 

90. 95 


100.18 
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In  A,  1.80  iM*r  CH.*nt  of  Holublo-Hilica  was  found. 

In  this  (.*AHc  the  amount  of  (-han^e  is  very  niucli  loss  than  with  the 
zeolites  previously  exainineil.  Little  lime  was  removed,  and  only 
about  half  of  the  so<1a.  Both  samples  were  preimred  with  six  hours 
of  heating  in  the  seahnl  tube,  and  it  seemed  to  ])e  desirable  to  deter- 
mine whetlier  a  more  prolongetl  treatment  woul<l  produce  any  greater 
effect.  Aee^irdingly  a  third  lot  of  thomsoniti^  was  mixed  with  ammo- 
nium chloride  and  heated  in  a  seai^Ml  tulK"!  to  lioO''  for  twenty-four 
hours.  The  leacjhed  pnxluet  (jonlained  3.40  per  cent  of  ammonia,  a 
distinct  increase  over  the  other  findings,  although  the  amount  of  trans- 
formation into  an  ammonium  salt  was  still  only  moderate. 

We  liave  aln^july  seen  that  stilbite,  heulandite,  and  chabazite 
Approximate  more  or  less  nearly  to  trisilicates  in  their  composition. 
Thomsonite,  liowever,  is  ess<»ntially  an  oi1ln)silicate,  with  variable 
mhnixtures  of  trisilieate  moh»cules.  In  the  example  under  considera- 
tion, ignoring  water  and  soluble  silica,  the*  molecular  ratios  give  this 

formula: 

Na,;.C'a,HMAl^,>so(Si:,<)s).v,(Si04)5:«; 
or,  condensing, 

Here  tlie  acid  rsMlicles  aiv  ten-elevenths  orthosilicat<».  Anunonium 
derivAtive  A,  similarly  comput^^d,  gives  first — 

(NlI,),„XaH,C'a,;„Al5.^(Si.,()H)„(Si(),),^,; 
or,  uniting  univalent  bstses  with  lime, 

the  fundamental  ratios  l)eing  practically  unchanged. 

It  will  1k»  ()bs4»rved  that  in  all  of  these  c(>ni])utations  of  formuhe  we 
have  assumed  that  all  the  water  is  "zeolitic;"  that  is,  indeiK»ndent 
of  the  true  chemical  moh^cules.  This  quest i(m,  howev<»r,  needs  to  ])e 
seimrately  invest igate<l  for  each  individual  species.  While  the 
assumption  is  valid  for  some  of  thesi*  minerals,  it  is  not  necess*irily 
valid  for  all.  The  real  chemical  differences  IkMwccmi  th<»  zeolites  are 
yet  to  be  d<»t(»rininecl;  our  work  ni(»rely  proves  that  ammonium  c<mi- 
pounds  are  forintMl,  complet^^ly  in  some  cases,  partially  in  others. 
The  i*esearch  shouhl  be  extended  to  coverall  the  zeolit<»s;  but  this 
task  we  must  leave*  to  other  inv<»stigatoi*s. 

LArMONTlTE. 

Upon  this  specic^s  only  one  mther  crude  exiH»riment  has  l)een  tried. 
And  that  u^Min  material  of  unknown  origin.  The  mineral  was  heated 
with  ammonium  chloride*  in  a  sealed  tul^e  as  usual,  and  then  leached 
with  water.  4.")!  pt»r  cent  of  lime  and  0.35  of  s<Hla  were  extracted, 
and  in  tlu*  residue  DMiy  jum*  <M»nt  of  ammonia  was  found.  Jjaumontite, 
therefore,  behaves  much  like  the  other  zeolites^  and  is  only  ^\j»i:UaJLV^ 
transformed  into  an  amuiouium  compound. 
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PECTOUTE. 

The  pectolite  which  was  chosen  for  examination  was  the  well-known 
radiated  variety  from  Bergen  Hill,  N.  J.  The  mineral  was  in  long 
white  needles,  and  apparently  quite  pure,  but  the  analysis  shows 
that  it  contained  some  carbonate  as  an  impurity.  Enough  of  the 
material  was  ground  up  to  furnish  a  uniform  sample  for  the  entire 
series  of  experiments,  and  the  work  properly  began  with  a  complete 
analysis.     The  results  obtained  are  as  follows: 

SiO, 53.34 

A1,0, 33 

CaO --- 33.23 

MnO 45 

Na,0 9.11 

H,0 ,.  2.97 

CO, 67 

100.10 
Fracti(mal  water. 
At  105^ 0.27 

At  180^ 16 

At300\. - 22 

At  redness 2. 82 

2.97 
All  of  the  water  was  given  off  at  a  barely  visible  red  heat,  and  the 
figures  show  that  practically  all  of  it  is  constitutional — a  fact  which 
perhaps  hardly  needed  reverification.    The  analysis  gives  the  accepted 
formula  for  pectolite, 

HNaOajSisO^. 

Does  this  represent,  as  is  commonly  assumed,  a  true  metasilicate? 
If  it  does,  we  should  expect  that  ignition  would  split  off  silica  pro- 
I)ortional  to  the  acid  hydrogen,  or  one-sixth  of  the  total  amount.  To 
answer  this  question  several  portions  of  the  i)ectolite  were  sharply 
ignited,  to  complete  dehydration,  and  then  boiled  each  for  fifteen 
minutes  with  a  solution  of  sodium  carbonate  containing  250  grams  to 
the  liter.  In  the  extract  so  obtained  the  silica  was  determined,  and 
the  three  experiments  gave  the  following  percentages: 

8.96 
8.67 

8.42 


Mean,  8.68 

One-sixth  of  the  total  silica  is  8.89  per  cent,  and  the  experiments, 
therefore,  justify  the  original  expectation.  The  belief  that  pectolite 
is  a  metasilicate  is  effectively  confirmed. 

Upon  the  unignited  pectolite*  the  sodium  carbonate  solution  has  a 
slow  decomposing  action,  both  silica  and  bases  being  withdrawn.    In 
two  experiments  fifteen  minutes  of  \)oV\\i\v^  ^xUac^Aid  'l.Ql  and  2.65 
per  cent  of  silica,  and  by  a  treatment  XaaViu^  lo\xv  Ol^^«»  V.'^'Ci  ^t  ^jwdX* 
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was  taken  ont.  With  water  alone  similar  results  were  obtained,  the 
action  being  so  rapid,  although  relatively  slight,  that  pectolite, 
moistened,  gives  an  immediate  and  deep  coloration  with  phenol 
phthaleln.  By  boiling  the  powdered  pectolite  with  distilled  water 
alone,  1.65  per  cent  of  silica  was  brought  into  solution,  and  the 
Ignited  mineral,  similarly  treated  fur  fifteen  minutes,  gave  1.78  per 
cent.  The  extraction  in  these  cases  is  really  an  extraction  of  alkaline 
silicate,  as  the  two  following  exx)eriment8  prove.  In  A  the  unignited 
pectolite  was  boiled  for  fourteen  hours  with  distilled  water,  and  in 
B  the  mineral  after  ignition  was  subjected  to  like  treatment  for  four 
hours.  The  dissolved  matter  in  each  case  was  determined,  with  the 
subjoined  results: 


Extracted. 


SiO... 
CaO.. 
Na,0 


A. 


2.08 
.30 

.81 

4.09 


B. 


3.03 

.10 

1.50 


4.63 


In  A  no  simple  ratio  appears,  but  in  B  the  extracted  silicate  approxi- 
mates very  nearly  to  the  salt  Na^SigOj.  In  each  instance  the  ratios 
vary  widely  from  those  of  the  ori^jjinal  mineral,  showing  that  actual 
decomposition  and  not  a  solution  of  the  pectolite,  as  such,  has  occurred. 

Schneider  and  Clarke,"  in  their  first  exj^eriments  upon  the  ammo- 
nium chloride  reaction,  trentod  pectolite  from  Bergen  Hill  three 
times  successively  with  the  reagent  and  then  leached  out  with  water. 
In  the  solution  20.50  per  cent  of  lime  and  ().05  of  soda  were  found, 
showing  that  a  very  considerable  decomposition  had  taken  place, 
but  the  residue  was  not  examineil.  In  a  preliminary  experiment 
by  the  sealed  tube  method  we  found  that  20.72  per  cent  of  lime  and 
6.46  of  soda  were  taken  out,  while  1.44  per  cent  of  ammonia  was 
retained  by  the  residue.  That  is,  two-thirds  of  the  bases,  approxi- 
mately, had  been  converted  into  chlorides  by  the  reaction.  The  open 
crucible  and  the  sealed  tube  pive  essentially  the  same  results,  although 
the  retention  of  ammonia  was  not  noticed  by  Schneider  and  Clarke. 

In  order  to  obtain  further  light  upon  pectolite  we  continued  our 
experiments  with  the  sealed  tube  method,  and  have  obtained  very 
variable  results.  All  of  the  heatings  with  ammonium  chloride  were 
conducted  at  350°,  and  the  pectolite  used  was  from  the  same  Bergen 
Hill  specimen  which  servinl  us  for  our  previous  work.  Our  data  are 
as  follows,  including  for  convenience  of  comparison  the  preliminary 
experiment  which  was  cited  above: 

A.  Heated  six  hours.    On  leaching,  20.72  x>er  cent  of  lime,  6.46  soda,  and  0.11 
alumina  dissolved.    The  residne  contained  1.44  per  cent  of  ammonia. 
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B.  Heated  six  honrs.  30.10  per  cent  lime  and  5.80  of  soda  extracted.  1.45  jter 
cent  ammonia  in  the  residue.  The  residue  was  also  examined  for  8ilif»  soluble 
in  25  per  cent  sodinm  carbonate  solution  (on  fifteen  minutes  boiling),  and  43.38 
per  cent  was  found. 

C.  Heated  six  hours.  Soluble  portion  neglected.  The  residue  ccmtained  2.23 
per  cent  of  ammonia  and  61.79  per  cent  of  soluble  silica.  The  full  analysis  of 
this  residue  is  given  later. 

D.  Heated  ten  honrs.  A  complex  breaking  up  of  the  pectolite  took  place,  and 
leaching  with  water  extracted  the  following  percentages: 

SiO, - 5.43 

A1,0, - - 22 

CaO. 28.20 

MnO - 23 

Na,0 8.29 

The  residue  from  this  leaching  contained  39.63  of  soluble  silica,  but  anmionia 
was  not  determined. 

These  results  are  so  irregular  that  definite  conclusions  can  hardly 
be  drawn  from  them.  A  and  B  agree  fairly  with  each  other,  and 
also  with  the  earlier  work  of  Schneider  and  Clarke.  C  contains  more 
ammonia,  but  differs  widely  from  H  as  to  the  amount  of  soluble  silica 
in  the  residue.  D,  which  represents  a  lon^  heating,  indicates  a  more 
complete  reaction  than  was  observed  in  either  of  the  other  cases. 

An  ammonium  compound,  however,  is  evidently  formed  during  the 
reaction,  although  its  precise  nature  can  not  be  determined  from  the 
evidence  now  in  hand.  Something  may  be  inferred  from  the  follow- 
ing figures,  which  are  to  be  summarized  thus:  First,  we  reproduce 
from  our  «*arlier  paper  the  analysis  of  the  pectolite  itself.  Secondly, 
we  give  the  analysis  of  the  insoluble  residue  obtained  in  experiment 
C.  The  third  column  of  figures  is  obtained  by  subtracting  from  the 
second  column  G1.71)  of  soluble  silica  and  1.18  of  hygroscopic  water, 
and  recalculating  the  remainder  to  1()0  per  cent.  The  fourth  column 
crmtains  the  molecular  ratios  calculated  from  the  third. 


P<Hrt<>lite." 


SiO, 
A1,0, 

CaO 

MnO 

Na,0 

NH,  

HjOat  100  .... 
H,Oalx>v*»  UH) 
CO,. 


53. 34 

33. 23 

.45 

9.11 


.27 


2. 70 

.r>T 


100.  10 


RoHiduo 
found. 

Residue 
reducied. 

Ratios. 

75. 98 

37. 74 

0.629 

.08 

.19 

.002 

9. 5« 

25. 43 

.454 

.24 

.r>3 

.009 

1.84 

4.89 

.079 

2.23 

5. 93 

.849 

l.is 

0.47 

25. 19 

1.899 

100.00 

100.58 
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These  ratioH  rouglily  Hiiggent  the  formation  of  a  salt  approximating 
in  composition  to  the  foniiula  R'2Ca2Si30g.61l20,  in  which  R'  is  about 
two-thirds  ammonium  and  one-third  sodium.  The  large  amount  of 
water  found  was  doubtless  absorbed  during  the  process  of  leaching. 
Pectolite  itself  has  the  formula  NallCasSigO,,  so  that  the  existence  of 
a  hydrous  ammonium  pectolite  is  indicated;  a  conclusion  which  is 
probable  but  not  prove<l.  The  I'caction  lH>twecn  i>ectolit^  and  ammo- 
nium chloride  is  possibly  simple  at  first,  but  followe<l  by  or  entangled 
with  secondary  changes  which  obscure  the  results.  Tlie  experiments 
are  interesting,  however,  as  showing  how  widely  pectolite  differs  from 
the  other  minerals  which  we  have  studied,  as  regards  the  ammonium 
chloride  reaction. 

WOLLASTONITE. 

The  only  data  relative  to  the  action  of  ammonium  chloride  upon 
wollastonite  are  those  given  in  the  original  paper  by  Schneider  and 
Clarke^  but  on  account  of  the  close  relationship  between  this  species 
and  pectolite  it  seems  desirable  to  reproduce  the  record  here.  The 
mineral  studicnl  was  from  Diana.  N.  Y.,  and  it  had  the  subjoined 
composition : 

SiO, 50.05 

Al,0„FeA 1.13 

CaO 47.10 

Na,0 .       .   .- nndet. 

MgO - 09 

H,0 . 45 


98.82 


After  two  heatings  with  ammonium  chloride  in  an  open  crucible, 
36.98  i>er  cent  of  lime  became  soluble  in  water.  In  other  words,  a 
very  notable  decomposition  had  occurred,  as  in  the  case  of  pectolite. 
Since  wollastonite  is  an  anhy<lrous  niinerul,  this  result  shows  that 
the  reaction  does  not  depend  upon  the  presence  of  hydroxyl. 

APOPHVLLTTE. 

Upon  tliis  .species  only  one  ratlH»r  erud^*  experiment  was  made,  and 
that  with  material  of  unknown  locality.  II<»ated  with  ammonium 
chloride  in  a  sealed  tulxj,  it  gave  up,  on  leaching  with  water,  21.59 
per  cent  of  lime  and  5.18  of  potassa.  The  residue  contained  only 
0.79  per  cent  of  ammonia.  Evidently  the  mineral,  like  pectolite  and 
wollast<mite,  is  largely  de<*om posed  by  the  reagent;  but  it  is  uncertain 
whether  any  w^gular  ammonium  compound  is  formed.  It  must  be 
remembere<l  tliat  apophyllite  sometimes  contains  small  quantities  of 
ammonia,  and  hence  it  seems  that  a  more  complete  iuveaU^a»tvc\xv  <\1  vt. 
is  desmible. 
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DATOLITE. 

The  compact,  porcelain-like  datolite  from  Lake  Superior.  This 
was  heated  in  a  sealed  tube  with  ammonium  chloride  in  the  usual 
way.  After  leaching  the  product  with  water,  the  washed  residue  con- 
tained 91.09  per  cent  of  silica  and  1.17  of  ammonia.  Evidently  the 
datolite  molecule  had  been  thoroughly  broken  down,  with  nearly 
complete  removal  of  the  bases  and  the  boric  acid.  The  significance 
of  the  retained  ammonia,  however,  is  not  clear. 

EK£OLITB. 

On  account  of  their  interest  as  rock-forming  minerals,  the  three 
species  nephelite  var.  el^eolite,  sodalite,  and  cancrinite  were  studied 
consecutivelj'  and  with  some  reference  to  one  another.  The  elseolite 
was  the  characteristic  material  from  the  el»olite-syenite  of  Litchfield, 
Me.,  and  had  the  following  composition: 

SiO, 45.91 

A1,0, --. 81.14 

Fe,0, 84 

FeO - 28 

CaO. '... 83 

Na,0 14.60 

K,0 5.60 

HjOat  KM)  - 47 

H,Oabf)ve  UX) 98 

CO, 40 

99.95 

Five  grams  of  mineral  were  thoroughly  mixed  with  20  grams  of 
ammonium  chloride  by  long  grinding  in  an  agate  mortar,  and  then 
heated  for  six  hours  in  a  sealed  tube  to  350°.  Even  during  the  grind- 
ing a  strong  smell  of  ammonia  was  noticeable,  and  upon  opening  the 
sealed  tube  after  heating,  a  slight  pressure  of  ammonia  gas  was 
observed.  On  extraction  with  water  the  following  bases  passed  into 
solution : 

FeA-AlA 0.29 

CaO. 07 

Alkalies  (calculated  as  soda) 2. 10 

The  residue  from  the  leach  water  was  dried  at  50°,  and  then  found 
to  contain  0.92  per  cent  of  ammonia.  These  figures  confirm  those 
obtained  in  a  much  less  careful  preliminary  experiment,  and  show 
that  eUeolite  is  but  slightly  affected  by  the  reagent. 
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CANCRINITB. 

The  material  studied  was  the  well-known  bright  yellow  cancrinite 
from  Litchfield,  Mo.,  and  an  analysis  of  it  gave  the  following  results: 

ao, 86.19 

Alfit - 29.24 

Fe|0^ - .   -   trace 

CaO 4.72 


Na,0.... 

K,0 

H,0 

CO, 


19.20 

14 

4.15 

-   .     6.11 

99.75 

Upon  boiling  the  powdoro<l  mineral  for  fifteen  minutes  with  the 
standard  solution  of  sodium  carbonate,  0.55  i)er  cent  of  silica  went 
into  solution.  After  ignition,  only  ().»]2  per  cent  was  soluble.  No 
silica,  therefore,  had  been  split  off  by  heating. 

With  ammonium  chloride  two  experiments  were  made.  In  each 
case  the  mineral  was  intimately  ground  with  four  times  its  weight  of 
the  chloride,  and  heated  to  350°  in  a  sealed  tul>e  for  four  houra. 
During  grinding  a  strong  smell  of  ammonia  was  noticed,  and  still 
more  was  given  off  when  the  tulx^s  wen*  opened.  The  products  were 
leached  with  water,  and  the  thoroughly  washed  residues  were  ana- 
lyzedy  as  follows: 


ao. 

MOi 

CaO -  .. 

Na,0(-fK,0).. 

NH, 

HjOatlOO'.... 

H,0  above  100 

00, 


A. 

B. 

87.4^ 

87. 51 

31. 2:^ 

81.98 

5. 10 

5.80 

7. 78 

7. 58 

4.78 

8.77 

1.21)   \ 
12.24  '/ 

14.48 

none 

none 

J)9.85 

100.  .■57 

In  the  wash  water  from  product  B,  11.73  per  cent  of  the  original 
soda  was  found,  with  no  lime,  and  0.10  per  cent  of  silica  and  alumina. 
Somewhat  h^ss  than  two-thirds  of  tlie  scxla  luid  been  taken  out.  The 
lime  seems  to  l)e  much  more  sta.bly  combined,  and  water  was  taken 
up,  probably  in  the  process  of  leaching.  The  carbonic  acid  of  the 
canciinite  liad  been  completely  eliminated. 
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Apparently,  if  the  product  of  the  reaction  is  a  definite  componnd, 
the  effect  of  the  ammonium  chloride  has  been  to  transform  the  cancri- 
nite  into  a  zeolitic  body,  approximating  roughly  to  the  general  formula 

RiAlSi04.  HjjO, 

but  with  a  small  excess  of  the  univalent  bases.  Analysis  A, 
adjusted  by  rejecting  the  1.29  per  cent  of  hygroscopic  water,  and 
recalculation  of  the  remainder  to  100  per  cent,  assumes  the  following 
form  and  gives  the  appended  ratios: 


SiO,. 
A1,0, 
CaO- 
Na,0 
NH,. 
H,0- 


AnalysiB  re- 
duced. 


88.03 

81.69 

5.17 

7.89 

4.80 

12.42 


100.00 


RatioB. 


0.684 
.811 
.093 
.127 
.282 
.690 


The  substance  is  evidently  not  absolutely  pure,  a  condition  which 
might  have  been  expected.  Any  closer  attempt  at  precise  formula- 
tion would  therefore  be  useless.  It  most  nearly  resembles,  among 
the  products  which  we  have  obtained,  the  ammonium  derivative  of 
thomsonite. 

SODALITE. 

Dark-blue  sodalite  from  Kicking  Horse  Pass,   British  Columbia. 

Analysis  as  follows: 

SiOj 39.66 

AljOa  .- 30.09 

FeaOj        .31 

CaO _        .18 

Na^O- -- ---.     22.60 

K,0 - - .- 1.14 

HjOatlOO' - 17 

H.OahovelOO 79 

CI - 6.12 

101.06 
LessO=Cl 1.39 

99.67 

With  ammonium  chloride  two  preparations  were  made,  both  by 
the  sealed-tul>e  method  at  350°.  In  A  the  heating  lask^d  twenty-four 
liours;  and  in  H  six  hours.  From  residue  A,  by  leaching  with  wat.er, 
2.96  per  cent  of  alkali,  reckoned  as  soda,  was  extracted;  and  from  B, 
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3.5:5  |K»r  cent.     In  the  w»8lie<l  i*esidaea  the  following  determinations 
\roi-e  made,  but  cM)mplete  analysis  seemed  to  lie  unnecessary. 


SiO, 

Al,0,(Fe,03) 

CaO 

Na,0(K,0) 

NH, 

CI 


A. 

B. 

39. 3;j 

40.00 

31.40 

32. 34 

.20 

20.  H« 

.45 

.72 

5.92 

-----    —  -  -  - 

Evidently  the  amount  of  change  wjis  slight,  and  no  definite  ammo- 
nium derivative  had  been  formed. 

In  one  way  thes4».  results  shed  some  light  upon  the  constitution  of 
sodalit'C.  Aeconling  to  Lemberg  and  his  pupils  the  mineral  is  a  double 
salt,  a  molecular  compound  of  sodium  chloride  with  a  silicate  like 
nepheline.  If  this  vi(»w  were  correct  sodium  and  chlorine  should  be 
removed  together  by  tlu;  action  of  a  decomposing  reagent.  \V(*  find, 
however,  that  about  3  per  <*ent  of  soda  wjis  removed  from  sodalite  in 
forming  residue  A,  while  practically  all  of  the  chlorine  remains 
behind.  So  far,  then,  the  (evidence  is  adverse  to  the  view^  just  cited 
and  favorable  to  that  of  limgger,  which  jussigns  the  mineral,  as  an 
atomic  comiM)und,  to  a  plac»e  in  the  garnet  group. 

On  the  oth(»r  hand,  so<lium  chloride  may  be  volatilized  from  sodalite 
by  prolonge<l  heating.  Two  portions  of  the  mineral  were  ejudi  heated 
for  four  hours  over  a  blast-lamp  llame,  losing  10. SO  and  10.72  per  cent, 
respectively.  Th<»  <».hlorine  in  the  mineral,  n.12  per  cent,  corresponds 
to  10.08  per  <»ent  of  NaCU;  to  this  must  l)e  added  the  0.01  of  water 
foun<l,  making  a  total  possible  loss  of  11.04  per  cent.  In  th<^  residue 
from  l\n}  first  lot  ignited  0.20  of  chlorine  was  found,  so  that  the  vola- 
tiliziition  of  sodium  chlori<le  had  been  almost  complete.  This  reac- 
tion, however,  taking  plac(»  at  a  v(^ry  high  t^jmperature,  nui}'  1m»  only 
a  result  of  metath<»sis,  and  not  by  any  means  a  pr(K)f  that  sodium 
chlorid<?,  as  su(^h,  is  an  essential  constituent  of  s(Klalite.  The  evi- 
dence <h^rived  from  tin*  ammonium  chloride  reaction  is  entitle<I  t^)  the 
greater  weight. 

THK   FELDSPARS. 

The  results  which  we  have  obtained  with  these  important  rock- 
forming  minerals  are  interesting  <mly  in  so  far  as  they  show  a  trifiing 
sensitiveness  on  the  part  of  the  several  speci<»s  toward  dissociating 
amnumium  (chloride.  Thea<.^tion  upcm  them  is  slight,  and  ammonium 
derivativ(»s  do  not  se<im  to  be  formed.  The  data  may  be  briefly  sum- 
marized as  follows: 

Orthoclase. — From  southeastern  Pennsylvania,  exact  locality 
unknown.     Quite  pure  cleavage  masses.     Heat-tMl  for  six  hours  with 
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ammonium  chloride  to  350°  in  a  sealed  tube,  and  leached  with  water, 
1.52  per  cent  of  KCl  went  into  solution.  The  residue,  dried  at  50°, 
contained  0.20  per  cent  of  ammonia. 

Oligodase, — The  transparent  variety  from  Bakersville,  N.  C. 
Treated  like  the  orthoclase.  In  the  leach  water  0.96  per  cent  of  lime 
and  2.71  of  soda  were  found.  The  air-dried  residue  contained  1.47 
per  cent  of  ammonia.  It  is  barely  possible  that  in  this  case  an  ammo- 
nium derivative  may  have  been  produced,  but  the  data  are  not  posi- 
tive enough  to  warrant  any  definite  conclusion. 

Albite, — Well-crystallized  and  very  pure  material  from  Amelia 
Courthouse,  Va.  Treated  like  the  two  preceding  feldspars.  Upon 
leaching,  0.12  percent  of  lime  and  0.84  of  soda  went  into  solution. 
In  the  residue,  dried  at  50°,  0.32  per  cent  of  ammonia  was  retained. 

OLIVINE. 

Green,  transparent  pebbles  from  near  Fort  Wingate,  N.  Mex. 
Examined  by  Schneider  and  Clarke,  who  employed  only  the  open 
crucible  method.  By  treatment  with  ammonium  chloride  only  0.44 
per  cent  of  magnesia  was  rendered  soluble  in  water — i.  e.,  converted 
into  magnesium  chloride.  In  view  of  the  ready  solubility  of  this 
mineral  in  even  weak  aqueous  acids,  this  lack  of  sensitiveness  to 
ammonium  chloride  is  somewhat  remarkable. 

ILVAITE. 

This  rare  mineral  was  found  by  Mr.  Waldemar  Lindgren  at  the 
Golconda  mine,  South  Mountain,  Owyhee  County,  Idaho.  It  occurs 
in  jet  black  masses  and  occasional  rough  crystals,  embedded  in  quartz 
or  ealcite,  and  intimately  associated  with  two  other  minerals  which 
appear  to  l)e  garnet  and  tremolite.  Traces  of  pyrite  also  appear. 
The  specific  gravity  of  the  ilvaite,  as  determined  by  Dr.  Hillebrand, 
is  4.059  at  31". 

Upon  grinding  the  powdered  mineral  with  ammonium  chloride  in 
an  agate  mortar,  a  distinct  smell  of  ammonia  was  noticeable.  Three 
tubes  of  the  mixture  were  heated  to  350°,  and  one  exploded  because 
of  the  liberation  of  gas  witfiin.  Upon  opening  the  second  and  third 
tubes,  a  strong  outrush  of  ammonia  was  observed.  When  the  con- 
tents of  these  tubes  were  leached  with  water,  large  quantities  of 
ferrous  chloride  went  into  solution,  which,  rapidly  oxidizing,  formed 
a  deposit  of  brownish  hydroxide,  and  interfered  seriously  with  filtra- 
tion. The  greater  part  of  the  lime  in  the  ilvaite  was  dissolved  also. 
Tlie  washed  residue,  containing  much  ferric  hydroxide,  was  partially 
analyzed,  and  enough  data  were  obtained  to  show  that  a  general 
bi*eaking  down  of  the  ilvaite  molecule  had  been  effected.  Apparently, 
also,  sniull  quantities  of  au  ammonium  derivative  had  been  formed; 
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bot  this  ix>int  is  uncertain.  The  original  mineral  was  analyssiHl  by 
Dr.  W.  F.  Hillebrand,  and  his  analysis,  contrasted  with  that  of  the 
leached  residue,  is  here  given: 


nyaitetHille- 
brand). 


810^ 

AlA 

FeA 

FeO 

MnO 

CbO 

MgO 

Ka,0 

ira, .- 

H,Oatia5\.. 

Bfi  above  iW} 

a 


29.16 


20.40 

29.14 

5.  l.") 

13. 02 

.15 

.08 


1 

I 


.15 
2.04 


100.41 


Residue 
(Steiger). 


43.01 

40.08 

8.75 

.85 

2.25 

nndet. 

nndet. 

.88 

nndet. 

nndet. 

(") 

95. 82 


1  Small  amonnt. 


In  the  leached  residue  from  the  third  tube  21.37  i)er  eent  of  soluble 
silica  was  found — silica  which  had  been  liberated  during  the  reaction 
between  the  ilvaite  and  the  ammonium  chloride.  In  short,  ilvaite 
behaves  toward  the  reagent  much  like  pectolite,  and  the  product  is  a 
mixture  of  unceitain  character.  The  evident  instability  of  the  ilvaite 
molecule  may  account  for  its  rarity  as  a  mineral  species.  Only 
exceptional  conditions  would  favor  its  formation. 


riebeckite(?). 

The  results  obtained  with  ilvaite  made  it  desirable  to  study,  for 
comparison,  some  other  silicates  of  iron.  Among  these  the  mineral 
from  St.  Petei'S  Dome,  near  Pikes  Peak,  Colorado,  originally  described 
by  Koenig  as  arfvedsonite,  but  identifKul  by  Lacroix  as  near  riebeck- 
ite,  happened  to  be  available.  It  was  treated  with  ammonium  chlo- 
ride in  the  usual  way  and  no  presence  of  litorated  gas  wjis  noticed 
when  the  tube  was  opened.  On  leaching  the  product  with  water,  fer- 
rous chloride  went  into  solution  and  ferric  hydroxide  ^vilh  some 
manganic  hydroxide  was  deposited.  In  the  leached  mass  0.00  per 
cent  of  soluble  silica  was  found,  and  in  the  wash  water  from  the 
leaching  there  was  6.76  per  cent  of  soda.  According  io  Koenig's 
analysis  the  mineral  contains  8.33  {yer  cent  of  soda,  so  that  a  large 
portion  of   the  total  amount  had  been  extracted.    There  was  also, 
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evidently,  a  considerable  breaking  down  of  the  molecule,  but  no 
definite  ammonium  derivative  had  been  formed.  This  is  shown  by 
the  following  analysis  of  the  leached  residue,  which  in  contrasted 
with  Eoenig's  published  analysis^  of  the  original  mineral  in  order  to 
indicate  the  amount  of  change.  In  the  third  column  of  figures  we 
give  the  amount  of  each  constituent  which  could  be  dissolved  out 
from  the  residue  by  treatment  with  hydrochloric  acid. 


SiO,.- 

TiO,- 

ZrO,- 

Fe,0, 

FeO  . 

MnO. 

MgO. 

CaO. 

Na,0 

K,0., 

NH, - 

H,0.. 

a  --- 


« 


Riebeckite 
(Eoenig). 


Residuo 
(Steiger). 


Soluble 
portion. 


49.83 

1.4;^ 


.4*1 


14.87 

18.86 

1.75 

.41 


67. 54 


21.28 

4.04 

.64 

none 

trace 

1.04 

.53 

3.33 

trace 


15.74 

4.94 

.64 


.53 


97.8^ 


99.30 


The  residue  is  evidently  a  mixture  of  free  silica  and  ferric  hydrate 
with  probably  at  least  two  silicates,  one  soluble,  the  other  insoluble 
in  hydrochloric  acid.  The  i^eaction  itself  is  noteworthy  because  of 
the  fact  that  the  original  mineral  is  but  slightly  attacked  when  boiled 
with  strong  hydrochloric  acid.  The  other  minerals  so  far  studied  by 
us  are  all  easily  decomposable  by  acids,  while  this  one  is  quite  refrac- 
tory. The  energetic  character  of  the  ammonium  chloride  reaction  is 
thus  strongly  emphasized. 

JEGIRITE. 

Material  from  the  well-known  locality  at  Magnet  Cove,  Arkansas. 
Not  absoluU^ly  pure,  but  somewhat  contaminated  by  ferric  hydroxide. 
This  impurity  is  evident  in  a  discussion  of  the  ratios  furnished  by 
the  analysis,  but  is  not  serious.  It  does  not  affect  the  problems  under 
consideration.  By  heating  with  ammonium  chloride  the  mineral  was 
only  slightly  changed.     In  the  leach  water  from  the  product  there 
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were  1.66  percent  (AlFe)20,,  0.51  CaO  and  1.18  Na^O.     Analyses  as 
fuUoivs:  A  of  the  wgirite,  B  of  the  air-dried,  leached  i-esidue. 


A. 


SlQi 

A1.0, 

Fe,0,  . 

FeO 

MnO 

MgO 

CaO 

Na,0 -. 

KjO 

NH, 

H,O»tl00\.. 
H,0  above  100 


B. 


50.45 

2.76 

28. 42 

5.26 

.10 

1.48 

5. 92 

9.84 

.24 

.15  , 

.40  ', 


) 


} 
} 


1(K).02 


51.88 

25. 34 

5. 69 

1.58 
5. 74 

9.07 

.26 

.90 

100. 31 


Of  the  silica  in  the  residue  4.42  per  cent  was  soluble  in  sodium  car- 
bonate solution.     An  ammonium  derivative  was  not  formed. 

From  these  data  we  see  that  the  three  ii*on  silicates  are  very  differ- 
ently attacked  by  ammonium  chloride;  ilvaite  vory  strongly,  riebeck- 
ite  moderately,  and  jcgiritiC^  but  feebly.  The  ffigirite  is  the  most 
Htable  and  at  the  same  time  the  commonest  of  the  three.  A  (com- 
parison of  the  a^girite  analysis  with  that  made  by  J.  Lawrence  Smith 
of  material  from  the  same  region  shows  notable*  differences.  The 
mineral  evidently  varies  in  composition,  the  variation  depending 
upon  the  relative  amounts  of  the  two  silicate  molecules  FeNaSigOg 
and  R"Si()3.  Two  samples  taken  from  different  parts  of  the  same 
rock  area  aiv  not  necessarily  identical  in  composition. 

CALAMINE. 

The  simplest  constitutional  formula  for  <*alamin<s  the  one  which  is 
generally  accepted,  ivprcsents  it  as  a  basic  metasilicatis 

Si()3=(Zn()H)^. 

In  tliis  the  hydrogen  is  all  combined  in  one  way,  an<l  so,  loo,  is  the 
zinc.  In  all  other  possible  formuhe,  simple  or  complex,  the  hydrogen 
as  well  as  the  zinc  must  be  represented  as  x>resent  in  at  least  two 
modes  of  combination;  a  condition  of  which,  if  it  exists,  some  evidence 
should  be  attainable.  Our  experiments  upon  calamine  have  had  this 
point  in  view;  and  we  have  sought  to  ascertain  whether  water  or  zinc 
could  be  split  off  in  separately  recognizable  fractions.  Our  n\sults, 
in  the  main,  have  been  negative,  and  tend  toward  the  support  of  the 
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usual  formula;  but  the  data  are  not  conclusive,  although  they  seem 
to  be  worthy  of  record. 

The  beautiful  white  calamine  from  Franklin,  N.  J.,  was  selected 
for  study,  and  gave  the  subjoined  composition : 

SiO,--.   - 24.15 

A1,0,,  Fe,0, - 19 

ZnO.- - - - --..  67.55 

CaO - .12 

H,0 - 7.95 

99.96 
Fractional  water, 

AtlW-- - 0.27 

At  180" : 22 

At  250^ 75 

At  300" - -- - 88 

Incipient  red  heat 4. 46 

Full  red  heat '. 1.37 

7.95 

Here  no  clear  and  definite  fractionation  of  the  water  is  recognizable, 
at  least  of  such  a  character  as  to  suggest  any  other  than  the  ordinary 
formula  for  calamine. 

Upon  boiling  powdered  calamine  with  water,  practically  nothing 
went  into  solution,  but  by  boiling  with  the  solution  of  sodium  car- 
bonate 0.25  per  cent  of  silica  was  dissolved.  After  ignition  at  a  red 
heat,  only  0.14  per  cent  of  silica  became  soluble  in  sodium  carbonate; 
and  after  blasting,  only  0.24.  In  these  experiments  a  very  little  zinc 
was  dissolved  also;  but  there  was  no  evidence  that  any  breaking  up 
of  the  mineral  into  distinguishable  fractions  had  occurred.  In  a  hot 
10  per  cent  solution  of  caustic  soda  both  the  fresh  and  the  ignited 
calamine  dissolve  almost  completely;  but  boiling  with  aqueous  am- 
monia seems  to  leave  the  mineral  practically  unattacked.  All  exper- 
iments aiming  to  extract  a  definite  fraction  of  zinc  while  leaving  a 
similar  fraction  behind  resulted  negatively. 

By  heating  with  dry  ammonium  chloride  in  an  open  crucible,  cala- 
mine is  vigorously  attacked  and  gains  in  weight  by  absorption  of 
chlorine.  In  two  experiments  the  mineral  was  intimately  mixed  with 
thi-ee  times  its  weight  of  powdered  sal  ammoniac  and  lieated  in  an  arr 
bath  for  several  hours  to  a  temperature  somewhat  over  400°.  A  large 
part  of  the  residue  was  soluble  in  water,  and  the  percentage  of  this 
portion,  together  with  the  i>ercentage  increase  in  weight,  is  given 
below : 


Gain  in  weight . 
Soluble  in  water. 


I. 


n. 


\ 


27.00  ,  25.78 

53.23  '  67.18 


CltABKB  AlTD 

smoBB. 
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A  conversion  of  calamine  into  the  chlorhydrin  Si03(ZnCl)2  would 
involve  a  gain  in  weight  of  15.34  per  cent.  Conii)let.e  conversion  into 
2ZnCl2+Si02  implies  an  increase  of  38.14  i>er  cent.  The  figun^s  given 
lie  between  these  two,  and  are  indefinite  also  for  the  reason  that  there 
was  volatilization  of  zinc  chloride. 

In  two  more  experiments  the  calamine,  mingled  with  three  times 
and  four  times  it-s  weight  of  ammonium  chloride,  resiKHitively,  was 
heated  for  an  hour  and  a  half  to  bright  redness  in  a  combustion  tube. 
The  zinc  chloride  which  was  formed  volatilized  and  was  collected  by 
Huitable  means  for  determination.  It  corresponded  to  »51>.0  and  5!).0per 
cent  of  the  original  mineral,  calculated  as  zinc  oxide,  which  indicat<es 
a  nearly  complete  do<*omposition  of  the  calamine  into  SZnCl^+SiOj. 
The  residue  was  mainly  silica,  with  a  small  part  of  the  zinc,  about 
half  of  the  silica  being  soluble  in  sodium  carbonate  solution.  Here 
again  no  definit't^  fractionation  of  the  mineral  could  lx»  observed. 

Finally  the  action  of  dry  hydrogen  sulphide  upon  calamine  was 
investigated.  The  mineral  was  heated  to  redness  in  a  current  of  the 
gas  and  gained  penreptibly  in  weight .  The  percentage  data,  reckoned 
on  the  original  calamine,  were  as  follows,  in  two  experiments: 


Gain  in  weight 

SiOj  Holnble  in  Na^CO, 
Snlphnr  in  rewidue 


I.  II. 


6.  (K)  6. 43 
10.45  2().95 
24.13 


Complete  conversion  of  calamine  into  iJZnS+SiO^  implies  a  gain  in 
weight  of  »5.S0  i)er  cent,  and  it  is  therefore  evident  from  tln^  figures  of 
the  second  (»xiwriment  that  the  limit  of  change  was  approa(5hed  very 
nearly.  The  24.12  of  sulphur  taken  up  is  quite  close  t^)the  20.5*3  per 
cent  which  is  required  by  theor}'.  AlM)ut  eight-ninths  of  the  calamine 
had  und<»rgone  transformation.  Again  no  definite  fractionation  was 
detected. 

The  hydrogen  sulphide  n^action  was  cxamine<l  still  further  with 
refcn^ncc  to  tlu*  teiniK»rature  at  which  it  In^comcs  cfTcctivi?.  Even  in 
the  cold  calami u(»  is  slightly  attacked  by  th(^  gas,  but  its  action  is 
unimportant  until  the  t<Mni)erature  of  M)0'  is  approximated.  Then  it 
Iw^comes  vigorous  and  the  reaction  goes  on  rapidly.  A  few  cxi)ori- 
nients  with  wilhMuite  showed  that  it  also  was  attacked  by  hydrogen 
sulphide,  but  less  vigorously  than  calamine*. 

PYROT'HYT.LITE. 

The  empirical  formula  for  pyrophyllite,  AlllSiaOfi,  is  apparently 
that  of  an  acid  metasilicate,  and  the  mineral  is  therefore  peculiarly 
available  for  fractional  analysis.     Tlie  compact   variety  frouv  D^a^ 
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River,  N.  C,  was  t-aken  for  examiDatiou,  and  a  uniform  sample  was 
prepared.     Analysis  gave  the  following  results: 

SiO, - 64.73 

TiO, - 73 

AljOs - - 29.16 

Fe,0, .49 

MgO - trace 

Ignition 5. 85 

100.46 

If,  now,  pyrophyllite  is  an  acid  metasilieate  it  sliould  break  up  on 
ignition  in  accordance  with  the  equation 

2AlHSi206= Al2Si309+Si02+  HgO. 

That  is,  one-fourth  of  the  silica,  or  10.18  per  cent,  should  be  liber- 
ated. The  mineral  itself  is  very  slightly  attacked  by  boiling  with  the 
sodium  carbonat'C  solution,  and  in  an  experiment  of  this  kind  only 
0.72  per  cent  of  silica  was  dissolved.  Upon  ignition  under  varying 
circumstances  the  following  data  were  obtained : 

Ignited  ten  minutes  over  a  Bunsen  burner,  and  then  extracted  with 
sodium  carbonate  solution,  1.51  per  cent  of  SiOa  dissolved. 

Ignited  fifteen  minutes  over  a  Bunsen  l>urner,  1.89  per  cent  became 
soluble. 

Ignited  t^n  minutes  over  a  Bunsen  burner  and  then  fifteen  minutes 
over  the  blast,  2.84  jx^r  cent  of  silica  was  liberated. 

These  results  are  of  a  different  order  from  those  given  by  pectolit<5 
and  tale,  and  raise  the  question  whether  pyrophyllite,  despite  its 
ratios,  is  a  metasilieate  at  all.  So  far  as  the  evidence  goes,  it  may 
with  propriety  be  regarded  as  a  basic  salt  of  the  acid  llgSijOg,  and  its 
formula  then  becomes 

Si2()5=Al-.()II. 

This  formula  is  at  least  as  probable  as  the  metasilieate  expression, 
which  latter  rests  upon  assumption  alone.  Still  other  formulae,  but 
of  greater  complexity,  are  possible;  but  until  we  know  more  of  the 
genesis  and  chemical  relationships  of  pyrophyllite,  speculation  con- 
cerning them  would  l>e  unprofitable. 

By  heating  with  ammonium  chloride  in  an  oi)en  crucible  pyrophyl- 
lite is  very  slightly  att^icked.  In  two  experiments  it  lost  in  weight 
6.17  and  6.30  per  cent,  resi)ectively.  The  excess  of  loss  over  water  is 
due,  as  we  have  proved,  to  the  volatilization  of  a  little  ferric  and 
aluminic  chloride.  The  residue  of  the  minenil  after  this  treatment 
contained  no  chlorine,  so  that  no  chlorhydrin-like  body  had  been 
formed.  The  formation  of  such  a  compound,  the  replacement  of 
hydroxyl  by  chlorine,  would,  if  it  could  be  effected,  be  a  valuable 
datum  toward  determining  the  actual  constitution  of  the  species. 
The  sealed  tube  experiments  were  not  attempted. 
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SERPENTINE. 

In  181)1  Clarke  ami  Schneider  piiblisluHl  an  investigation  "  relative 
to  the  action  of  gaseous  hydrochloric  acid  upon  various  minerals. 
Among  these  were  the  three  si>ecies,  serpentine,  leuchtenlx^rgite,  and 
phlogopit-e,  and  the  remaindei-s  of  the  original  samples  were  fortu- 
nately at  our  disposal.  The  analyses  made  by  Schneider  ai'e  there- 
fore directly  conii)arable  with  the  new  data  secured  by  us. 

The  wM'pontine,  from  Newburyi>ort,  Mass.,  was  but  moderately 
attacked  upon  heating  with  ammonium  chloride.  L^x)oii  ieacfhing  the 
contents  of  the  sealed  tul)e  with  water,  0.18  per  cent  of  silica  and  5.23 
of  magnesia  went  into  solution.  The  washed  residue  and  the  serpen- 
tine had  the  following  com  posit  ion : 

( S«^hneifler ) .        ( Steijjer) . 


SiO, -. - -.-- - - !  41.47  45.43 

Fe,0,.  Al,03 . . - _ -..'  1.7;J  .«8 

MgO .   I  41.70  :W.54 

FeO .(M>    

NH, ..- I .09 

H,0 - - - I  15.00  14.01 

'  1(H).  05  0tt.04 

The  leached  resi<lue  eoutjiiued  1.00  p<»r  cent  of  soluble  silica.  The 
amount  of  <*hang<»  effo<rted  in  the  mineral  was  evidently  small,  and  no 
ammonium  compound  was  produced. 

In  Schneider  and  C-larke's*  papi»r  uiH)n  the  ammonium  chloride 
reaction  a  serpentine  from  the  river  Poldnewaja,  distri(?t  of  Syssert., 
in  the  Urals,  was  studied.  By  a  single  treatment  in  an  open  crucible 
4.93  i>er  cent  of  magnesia  became  soluble  in  water  as  chloride.  In  a 
second  exiKM-iment  tlie  mineral,  after  heating  with  10  grams  of  ammo- 
nium chloride  until  volatilization  ceased,  was  reheate<l  with  10  grams 
more.  Upon  leaching,  14.30  per  c<'iit  of  magnesia  went  into  solution. 
In  a  thinl  trial  the  seriH»ntine  was  thrice  treated  and  only  10.63  {hw 
cent  of  magnesia  was  <*onverte<l  into  ('hloride.  In  the  last  case  the 
residue  was  boiled  with  sodium  carbonate  solution,  which  extracted 
3.82  per  cent  of  8ili<*a.  The  sanu^  s(»rpentine  was  completely  decom- 
I)osabl(^  by  aciueous  hydrochloric  acid,  but  only  mod(?rately  attacked 
by  the  dry  gas.  The  evident  irregularity  of  these  results  is  yet  unex- 
plained. 

PHLlXiOPITE. 

From  lUirgess,  Canada.  The  contemts  of  the  sealed  tube,  after 
heating,  showed  little  appearance  of  change.  The  leach  water  con- 
t^iined  magnesia.     Analyses  as  follows: 


(iBuU.  U  d.  Geol.  Survey  No.  78,  p.  11,  \W1.       f>BalL  U.  S.  Oeol.  Surrey  No.  119,  p.  84, 1908. 
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PhlofC<^ite    I      Residue 
(Schneiaer).  ,     (Stoiger). 


SiO,.. 
TiO,  . 
MQ,. 
Fe,0, 
FeO.. 
BaO.. 
MgO. 
Na^- 
K,0  . 
NH,-. 
H,0.. 
P  .... 


LessO 


45.03 


15.07 


24.d4 
.94 

8.69 
.21 

5.01 


99.89 


The  residue,  on  boiling  with  sodium  carbonate,  gave  0.40  per  cent 
of  soluble  silica.  From  these  data  it  appearH  that  phlogopit^  is  some- 
what attacked  by  ammonium  chloride,  but  not  strongly.  No  definite 
ammonium  derivative  is  formed. 


LEUCHTENBERGITE. 

From  the  standard  locality  near  Slatoust,  in  the  Urals.  When  the 
contents  of  the  sealed  tube  were  leached  witli  water,  there  passed  into 
solution  0.1  J)  per  cent  of  alumina,  plus  iron,  2.10  of  magnesia,  and 
2.03  of  lime.  The  residue  was  not  completely  analyzed,  but  the  few 
determinations  made  contrast  with  Schneider's  results  as  follows: 


SiO, 

AlA 

Fe^O, 

FeO-- 

MgO- 

CaO  . 

NH3. 

H,0.. 


Leachtenberg- 
ite. 


82. 27 

16.05 
4.26 

.28  ! 


29. 75 
6.21 


11.47 


100. 29 


Refddue 
(flteiger). 


32.82 


4.67 

.35 

12.11 
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No  definite  ammonium  compound  was  formed,  and  the  amount  of 
decomposition  was  small.  As  the  lime  shown  by  the  analysis  is  at 
least  partly  due  to  the  presence  of  garnet  as  an  impurity  in  the  min- 
eral, it  will  be  interesting  to  determine  the  effect  producible  by 
ammonium  chloride  upon  that  species. 

In  S<»hneider  and  Clarke's  investigation,  conducted  in  open  cruci- 
bles, this  same  leuchtenbergite,  aft4»r  three  heatings  with  ammonium 
chloride,  gave  up  3.98  per  cent  of  magnesia  uiK>n  leaching  with  water. 
The  residue  contained  a  little  magnesium  oxychloride.  With  clino- 
ehlore  from  Slatoust  similar  i*esult«  were  obtained.  A  double  heating 
with  ammonium  chloride  extnicted  2.12  per  e^nt  of  magnesia,  and  a 
triple  heating  took  out  3.80  per  cent. 

XANTHOPHYLLITE. 

Variety  waluewite,  from  the  Nikohii-Maximilian  mine,  district  of 
Slatoust,  Urals.  Examined  by  Scluieider  and  Clarke,  who  found  the 
mineral  to  be  practically  unatt^icked  by  gaseous  hydrochloric  acid, 
but  completely  (l(>c()iiii)osable  by  the  aciueous  acid.  A  triple  treating 
with  ammonium  (chloride  in  an  op<Mi  cru<Mble  took  <)Ut0.4H  per  cent  of 
lime  and  O.OI  of  magnesia.  Tliis  amount  of  <le(*oniiN)siti(m  is  insig- 
nificAut. 

THE   ACTION   OF  AMMONIUM    CHT.ORIDE   ON   ROCKS. 

From  the  evidence  so  far  presentiMl  it  is  (*l(*ar  tliat  the  ammonium- 
chloridci  redaction  1ms  much  theoretical  Intercast  and  tliat  it  adds  a 
goo<l  deal  to  our  kiiowhMlge  of  chemical  ctmstitutiou.  Hut  does  it  go 
any  further  than  this  and  ren<ler  any  assistance^  in  the  elucidation  of 
other  problems?  Consider,  for  instance,  the  rational  analysis  of 
silicate  rocks — tliat  is,  the  <iuantitative  di^terniination  of  certain  min- 
eral constituents  as  distinguished  from  the  orcliiuiry  estimation  of  the 
oxides — is  tlie  reaction  of  any  scM'vice  here?  We  have  found  that 
among  the  ro(*k-formiiig  minerals  analcit^^  and  leu<Mt<»  an?  c<mipletely 
transfonnable  into  ammonium  wilts,  while  ebeolite  aii<l  the  feldspars 
are  but  little  aftectwl;  olivine  and  the  ferro-magnewian  silicates  ailso 
react  but  slightly.  It  would  seem,  therefore,  as  if  analcit^?  and  leucite 
might  bo  apiiroxinuitely  determined  by  means  of  the  n^action,  the 
amount  of  change*  i)r(Mlucc(l  in  a  rock  mixture  IjtMiig  some  measure  of 
th(»ir  quantity.  To  test  this  supposition,  wc  have  nmde  a  numlH>r  of 
exiKjriments,  using  for  the  purpose  well-known  rocks  which  ha<l  lieen 
studied  lK)th  mineralogically  and  chemically. 

Our  method  of  procedure  has  been  exti^emely  simple,  and  no  refine- 
ments of  prcH^ess  have  as  yet  l>een  attempted.  Each  rock,  in  fine 
l^owder,  was  mixed  with  four  times  its  weight  of  ammonium  chloride 
and  heated  for  several  hours  in  a  sealed  tube  to  350°.  After  cooling, 
the  mixture  wjis  leached  with  water,  and  the  amount  of  alkali  pass- 
ing into  solution  was  estimated.  From  this  soluble  alkali  the  amount 
of  analcite  or  leucite  in  the  rock  may  be  be  roughly  inferred,  but  of 
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eonne  not  with  any  ^reat  degree  of  accaraey.  Still  an  approximate 
estimation  m  better  than  no  measarement  at  all  and  is  of  service  to 
the  petrographer.  Fortunately  the  errors  of  the  process  are  to  some 
extent  compensatory;  a  little  analeite  or  leucite  will  always  escape 
transformation,  while  on  the  other  hand  a  little  alkali  will  always  be 
yielded  by  other  species.  One  error  renders  the  estimation  of  the 
alkali  trxi  low,  the  other  makes  it  high,  but  the  two  tend  to  balance 
eaf;h  other.  In  the  ordinar>'  process  for  separating  soluble  from 
insoluble  silicates  by  means  of  aqueous  hydrochloric  or  very  dilute 
nitric  acdd  the  same  errors  occur,  but  with  additional  complications 
due  Uf  the  solution  of  magnesian  minerals  like  olivine.  Furthermore, 
a^iueous  twAdn  will  not  discriminate  lietween  analeite  and  nepheline, 
two  HiHH'U^  which  behave  very  differently  toward  dissociating  ammo- 
nium chloride.  So  much  premised,  we  may  pass  on  to  the  description 
of  our  experiments. 

First,  we  examined  three  rocks  from  the  Leucite  Hills,  Wyoming, 
which  were  analyzed  by  Ilillebrand  and  described  by  C-ross."  Tlieir 
mineralogical  composition  is  as  follows: 

A.  Orendite.  Contains  predominating  lencite  and  sanidine,  with  phlogopite.  a 
little  biotite,  diopside,  and  amphibole,  and  accessory  apatite  and  mtile. 

B.  Wyomingite.  Contains  phlogopite,  lencite,  diop8ide,  and  apatite. 

C.  Madnpite.  Contains  predominating  diopside  and  phlogopite.  with  perofskite 
and  magnetite,  in  a  glassy  base,  which  has  approximately  the  com{X)sition  of 
lencite. 

On  A  and  B  duplicate  determinations  were  made,  but  only  one  in 
th(»  (;ase  of  C.  The  substances  extracted  bj'  leaching,  after  treatment 
with  ammonium  chloride,  are  given  below: 


Al,0„  Fe/), 
Ca(^ 

K,0 

Na,0 


Al. 


0.26 
1.28 
4.68 


BJJ. 


C. 


0.21 

1.48 

4. 53 

.43 


0.64 

0.64 

0.31 

1.67 

1.70  1 

5.06 

9.50  ' 

9. 38 

6.81 

1.3:^ 

1 .  35 

1 

1.08 

T\w  duplicators  are  fairlj'  concordant.  If  now  we  regard  tlu*  KjO 
thus  extracted  as  a  measure  of  the  leucite  in  each  rock,  giving  the 
mineral  its  normal  comiK)8ition  KAlSi^Og,  we  have  the  following  per- 
centages of  the  latt(^r: 

In  orendite: 

1 21.81 

2 21.11 

In  wyomingite: 

1 44.47 

2 43.71 

In  ina<lnpit^ 31 .  73 


<•  Am.  Jour.  St'i.,  4th  wrioH,  Vol-  IV,  p.  115.    S««  hIho  Bull.  U.  S.  <4e<)l.  Survey  No.  ItfH,  pp.  85  and 
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Two  other  leiieite  r(K»k8  were  hIho  Htudied  by  uh,  as  follows,  both 
being  ^iven  in  diiplicatx^: 

D.  MiflBonrite.  Highwoo<l  Monntainfl,  Montana.  Described  by  Weed  and  Pira- 
son. A  Analyzed  by  E.  B.  Hnrlbnt.  Contains  angite  and  lencite,  with  apatite, 
iron  oxides,  olivine,  and  biotite.    Some  zeolites  and  analcite  are  also  present. 

E.  Lencitit'e.  Bearpaw  Mountains,  Montana.  Described  by  Weed  and  Pirsson.  ^ 
Analyssed  by  H.  N.  St<)kt»H.  An  olivine-fn»e  lencdte  basalt.  Contains  lencite, 
angite,  inni  oxideH.  rarely  biotit-f*.  and  a  very  small  amount  of  glassy  base. 

The  foHowinj^  sulKstiinees  were  tnken  out  ])y  tlie  Hinnionium  chlo- 
ride reaction: 


D  1. 

1)2.                 El. 

E2. 

i.7:j 

1 .  70             0. 89 

1.20 

4.<)9 

1 

:j.74           «.1»  , 

0.16 

.59 

1  _   _ 

SA  ,          1.44 

1 

1.47 

19. 06  and  1 

7.4:J 

K.70 

.     .           3H.«4and2 

Ca() 
K,() 
Na.O 


Hence  we  have  for  lencite— 

In  miHS'mritc               ... 
In  leucititH 

It  will  Im»  observed  that  the  extracted  soda  is  neglecte<l  in  the  com- 
putation. In  missourite  it  may  represent  analcite;  in  the  other 
rocks  it  perhaps  belongs  to  a  sodium  equivalent  of  leucite,  or  it  may 
come  from  some  still  <liffe rent  source.  At  all  events,  it  serves  to  indi- 
cate some  of  the  un<*ertainties  a1t<mdin^  the  application  of  the 
metluHl. 

Amon^  the  rocks  <*ontaininf>^  analcite  as  an  essential  (M>nstituent, 
only  two  w(»n»  available  for  our  pur|)oses.     Tli(\v  an^: 

F.  Analcite-basalt.  from  Basin,  Colorado.  Dascribetl  by  Cross.  ^  Analyzed  by 
Hillebrand.  Contains  pht^noctrystfl  of  auffite,  olivine,  and  analcite;  also  mag- 
netite, and  minor  amomitn  of  alkali  feldspars,  biotite,  and  apatite. 

G.  Heronite.  from  Heron  Bay.  Lake  Sui)erior.  Described  by  Coleman.''  C'on- 
tains  analcite.  orth<Krla«t».  labradorite,  legirite.  limonite,  and  calcite. 

l>y  treatment  with  ammonium  chloride  the  following;  bases  were 
extracte<l  from  these  rocks,  determinations  being  ma<le  in  duplicate: 


Ca( ) 

K,(). 

Na/) 


Fl. 


1.74 

.40 

8. 43 


Fi. 


(4  1. 


«^. 


2.28 

.49 

;j.29 


1.64 

.21 

6.04 


1.62 

.18 

6.37 


"Am.  Jdiir.  Soi.,  4th  wrio».  Vol.  II,  p.  :n.'i;  Bull.  U.  8.  Geol.  Survey  No.  1«8,  p.  138. 
/•  Aiu.  Jour.  S<«i.,  4th  Ho^i^v^,  Vol.  II,  p.  143;  BuH.  U.  S.  Ueol.  Survey  No.  1«K,  p.  i:«. 
«S«««»  Bull.  U.  8.  (Ihwl.  Survey  No.  1«K,  p.  14«. 
•Mour.  Geolo^,  Vol.  VII,  p.  431. 
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Hence,  reckoning  the  soda  as  equivalent  to  normal  analcite, 
NaAlSigOj.HjO,  we  have  as  i)ercentage8  of  the  latter: 

In  analcite-basalt 26. 38  and  25. 33 

In  heronite 46. 51  and  49. 05 

Accordinc:  to  Coleman's  computations,  heronite  contains  47  per  cent 
of  analcite.  This  figure  agrees  quite  perfectly  with  our  experimental 
determination. 

In  order  to  gain  some  notion  of  the  extent  to  which  other  rocks, 
conta*ining  neither  analcite  nor  leucite,  might  be  affected  by  the 
reaction  with  ammonium  chloride,  four  examples  were  chosen  from 
among  the  many  which  have  been  studied  in  this  laboratory.^  They 
were: 

H.  Phouolite,  Uvalde  Connty,  Tex.  Contains  sanidine,  nepheline,  and  aetgirite, 
with  very  little  brown  hornblende,  angite,  and  magnetite. 

I.  Soda-granite-i)orphyry,  Merced  River,  Maripo8a  Connty,  Cal.  Containn  feld- 
spar, largely  albite,  hornblende,  mnscovite,  epidote,  apatite,  and  iron  ore. 

J.  Granitite,  Placerville  Canal,  Elldorado  County,  Cal.  Conta^'ns  biotite,  ortho- 
clase,  plagioclase,  and  qnartz. 

K.  Angite-latite,  Table  Mountain,  Tuolumne  County,  Cal.  Contains  labra- 
dorite,  olivine,  augite,  and  magnetite. 

The  bases  extracted  from  these  four  rocks  were  as  follows,  in 
percentages : 


Al,03,  Fo,03 
CaO  .        . 
KjO... 
Na,0. 


H.        ! 

I. 

1 

.T. 

K 

O.SKi 

1 

0.19 

0..W 

1 

.29 

none 

0.66 

.41   ' 

.20 

.20 

1.21 

4.JW 

.i^:^ 

.  2:< 

.66 

Among  these  rcx^ks  only  tlie  lii'st  one,  the  plionolite,  was  seriously 
affected;  and  it  is  difficult  to  account  for  the  large  amount  of  soda 
extracted.  Neither  nepheline  nor  jegirite  taken  alone  gives  up  nearly 
so  much  so<la  as  was  lil)erated  in  this  Ciise,  and  no  other  sodium  min- 
eral has  iR^en  reported  present  in  the  rock.  In  the  other  cases  the 
amount  of  t^xtraction  is  small  and  amounts  to  no  more  than  the  plus 
error,  which  was  pointed  out  at  the  l)eginning  of  this  discussion. 

Taking  all  things  into  account,  it  seems  probable  that  the  analytical 
method  proposed,  although  far  from  exact,  is  capable  of  some  devel- 
opment, and  is  likely  to  yield  results  of  some  value.  Perhaps  it  might 
be  iniprovtMl  by  taking  into  account  the  <iuantities  of  ammonia  retained 
by  th(»  washed  n^sidues.  From  that  source  one  estimate  (*ould  be 
derived,  and  from  the  alkali  in  solution  another;  the  two  should  give 
]>etter  information  than  either  determinati(m  alone,  liut  the  preci- 
sion of  ordinary  analytical  processes  is  not  to  be  expended  here,  and 
only  useful  approximaticms  can  l>e  anticipated. 


»yt>r  M/iilitioiml  data  and  th»»  aiialyH<>H.  h«h»  Bull.  U.  S.  ChnA.  Survey  No.  1(W,  iiji.  fK.  IW,  aift,  arT. 
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SUMMARY. 

In  the  foregoing  pages  we  have  considered  the  action  of  ammonium 
chloride,  at  it.s  temperature  of  dissociation,  upon  31  mineral  species. 
We  have  shown  that  it«  influence  upon  various  silieat.es  differs  verj^ 
widely,  but  that  in  general  it  is  a  much  more  powerful  i*eagent  than  lias 
been  generally  supposed.     The  results,  in  brief,  are  as  follows: 

Firet.  Analcite,  leueite,  natrolite,  and  scolecite,  heat^ed  with  dry 
ammonium  chloride  to  350°  in  a  sealed  tul)e,  yield  alkaline  chlorides 
and  an  ammonium  aluminum  silicate,  which  in  stable  at  300''.  The 
reaction  is  8imi)ly  one  of  double  decomi)Osition,  the  sodium  or  potas- 
sium of  the  original  silicate  being  completely  replaced  by  ammonium. 
Analcite  and  leueite  give  the  same  product,  Nll4AlSi2()g.  Natrolite 
and  scolecite  yield  the  salt  (NH4)2Al2Si.jO,„.  The  latter  compound  is 
a  derivative  of  orthotrisilicic  acid,  ll^Si^O,,,;  and  in  a  separate  sec- 
tion of  the  memoir  its  constitution  and  its  reflations  to  other  trisilicic 
iicids  are  considered. 

Secon<l.  A  similar  reaction,  a  double  do(*omi>osition,  takes  place 
incompletely  with  stilbite,  heulandite,  chabazit-e,  thomsonit^?,  laumont- 
ite,  and  polliicit<\.  Part  of  thc^  monoxide  base  is  removed  and  replaced 
by  amnumium,  without  cliange  of  atomic  ratios.  C'ancrinite  is  also 
vigorously  attiuiked,  an<l  partially  transforuunl  into  a  z<»oliti(^  liod}'. 

Third.  lN^ctolit<^,  wollawtonite,  apophyllite,  datolite,  ilvait^s  and 
calamine  aiv  violently  act^d  upon  by  ammonium  chloride,  aind  their 
moUMUiles  seem  to  b(»  almost  completely  broken  down.  The  product** 
of  the  reactions  an^  mixtures,  and  no  ammonium  silicates  are  forme<l. 

Fourth.  Kheolit(»,  sodalite,  rieb(H*.kite,  olivine,  seriwntine,  phlogo- 
pit^,  prehnit(»,  orthochise,  albiti*,  oligoclas<s  Jegirite,  i)yropliyllitt% 
leu(^ht4Mib4M-gite,  and  xanthophyllite  are  but  slightly  attarcked  ])y  dis- 
sociating ammonium  <*hloride. 

In  th(»  closing  st^'tion  of  the  work  we  have  shown  that  the  ammonium 
chlori<le  reaction  may  be  applied  to  an' approximate  <iuantitAtive 
deternilnation  of  analcite  and  leueite  in  rocks,  tlienO)y  aiding  some- 
what in  the  estimation  of  their  mineralogi(*al  composition. 
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INTRODUCTION. 

The  field  work  upon  which  the  present  bulletin  is  based,  so  far  as 
the  writer's  labors  are  concerned,  was  done  in  the  summer  and  fall  of 
1899.  After  visiting  the  Wasatch  Range  to  study  briefly  the  Wasatch 
Paleozoic  section,  as  determined  by  the  Fortieth  Parallel  Survey,  the 
writer  proceeded  to  Eureka,  ih  Nevada,  and  thei*e  spent  two  weeks  in 
studying  that  section,  the  best  and  most  complete  yet  discovered  in 
the  far  West.  Feeling  finally  i-eady  for  untried  ground,  the  expedi- 
tion, consisting,  besides  the  writer,  of  a  teamster,  a  cook,  and  an  assist- 
ant, left  Eureka  and  proceeded  southeastward  to  Hamilton,  and  then 
to  Ely.  From  Ely  the  route  ran  to  Osceola  in  the  Snake  Creek  Range, 
thence  across  that  range  and  northward  up  Snake  Valley  to  Pleasant 
Valley,  where  a  westward  course  was  again  taken.  Schellboume 
and  Cherry  Creek,  the  latter  in  the  Egan  Range,  were  next  visited, 
and  thence  the  way  led  northwe^stward  to  Ruby  Lake,  and  so  back  to 
Eui*eka.  During  part  of  this  journey  some  of  the  region  which  had  been 
mapped  by  the  Fortieth  Parallel  Survey  was  traversed,  this  route  being 
purposely  chosen  so  as  to  permit  study  in  the  field  of  the  application 
of  the  Fortieth  Parallel  geologic  section.  After  replenishing  suj)- 
plies  at  Eureka  the  expedition  took  the  road  southward  to  Hot  Creek, 
and  thence  i)roceeded  westward  to  Belmont.  The  country  to  Caraon 
was  then  traversed,  the  more  or  less  inactive  mining  camps  of  lone, 
Ellsworth,  and  Downieville  and  the  Indian  reservation  at  Walker 
Lake  being  passed.  At  Caraon  a  short  time  was  si)ent,  and  the  famous 
Comstock  lode  and  the  southern  end  of  the  Virginia  Range  were 
visited.  From  Carson  the  route  was  southwestward  past  Wellington, 
Hawthorne,  Sodaville,  Columbus,  and  Silver  Peak,  to  Lida.  From 
Lida  the  course  was  again  toward  the  east,  and  the  State  of  Nevada 
was  crossed  again  by  way  of  the  Ralston  Desert-,  Twin  Springs,  and 
White  River,  to  Pioche.  From  Pioche,  Meadow  Valley  Canyon  was 
followed  southward  to  the  Indian  reservation  at  Moapa  or  West  Pointy 
not  far  from  the  Colorado,  then,  a  turn  to  \\i^  n«?^«X»  \i^\\i^  ^sssA^j^^'Oafe 
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State  wiitt  crossed  a  third  time,  by  way  of  Indian  Springs  and  Pah- 
nimp  Valley,  into  California.  Funeral  Range  wtis  ci'osseil  and  Death 
Valley  entered  at  Furnace  Creek.  From  here  the  expedition  went 
southward,  and,  crossing  the  Panamint  Range  at  Windy  Gap,  pro- 
ceeded by  way  of  Granite  Wells  to  Johannesburg.  From  Johannes- 
burg the  party  proceeded  across  the  Mohave  Desert,  crossing  tlie 
Santa  Fe  Railroad  at  Hinckley.  Finally  San  Bernardino  was  reached, 
which  was  the  end  of  the  journey.  This  trip  histed  about  five  months, 
and  comprised  over  2,000  miles  of  actual  travel. 

The  primary  object  of  the  expe<lition  wa^s  to  mak<>  the  roughest  kind 
of  a  general  geologic  map,  such  hh  might  fill  up  the  great  gaps  in  the 
maj)  of  the  western  United  States.  It  being  the  intention  of  the  Sur- 
vey to  publish  a  general  geologic  map  of  the  United  States  on  a  scale 
of  al>out  40  miles  to  the  inch,  no  great  amount  of  deUiil  was  advisable 
or  possible.  On  account,  also,  of  the  i»ough  and  inaccurate  manner  in 
wliich  much  of  the  region  of  the  western  United  States  has  been 
alreaily  mapiKjd,  it  was  not  advisable  to  undertake  to  do  any  work  of 
higher  grade. 

In  order  to  accomplisli  the  style  of  mapping  desired  with  as  much 
economy  of  time  and  labor  as  possible,  the  writer  determined  lo  avoid 
any  duplication  between  his  route  and  tliose  alre^idy  traveled  by  geolo- 
gists, and  carefully  planned  his  journeys  with  that  end  in  view.  On 
the  north  the  area  which  he  undertook  to  investigate  was  l)ounde<l  by 
the  geologic  maps  of  the  Fortieth  Parallel  Survey  (atlas  maps  4  and  5) ; 
on  the  east  it  was  bounded  by  the  geologic  maps  of  the  W^heeler  sur- 
vey; and  on  the  west  chiefly  by  a  reconnaissance  map  of  the  Sierra 
Nevada  published  by  Mr.  II.  W.  Turner  in  the  Seventeenth  Annual 
Report  of  the  UniUnl  States  Geological  Survey,  Part  I;  on  the  south 
there  was  no  definite  boundary. 

Within  the  area  to  be  mappeil,  about  the  only  importa.nt  journey 
tliat  had  l>een  made  by  a  geoh)gist  had  been  accomplished  by  Mr. 
Gilbert  in  1871,  while  with  the  Wheeler  Topographic  Survey.  Ilis 
route,  with  the  other  boundaries  already  mentioned,  is  shown  on  PI.  II. 
Tlie  writer  was  able  to  so  plan  his  route  with  reference  to  the  work 
of  Mr.  Gill)ert  and  to  the  maps  which  bounded  the  area  that  hardly 
any  i)oint  in  the  region  examined  can  be  found  which  is  more  than  30 
miles  from  a  point  of  observation.  This  in  any  country  would  prob- 
ably l>e  suflicient  for  a  reconnaissjince  map  on  a  scale  of  40  miles  to 
the  inch,  but  in  the  Great  Basin  region  of  Nevada  and  California  the 
conditions  are  especially  favorable,  so  that  a  map  can  be  mad(»  having 
far  more  value  than  in  ordinary  regions.  The  clear  air,  the  lack  of 
vegetation,  and  the  general  (*ontinuity  of  formations  parallel  with  the 
north-south  ranges  all  com})ine  to  make  a  re(?()nnaissance  niore  satis- 
factory t  han  usual.  The  attitude  of  strata  or  a  conspicuous  formation 
may  often  be  followed  15  or  20  miles  along  the  front  of  a  mountain,  by 
the  €iid  of  a  field  ^hiss,  from  a  single  point. 
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The  foregoing  explaimtiou  indicates  clearly  enough  the  chanwter 
of  the  map  and  the  weight  which  should  be  placed  upon  it.  The 
data  along  the  lines  of  reconnaissance,  often  obtained  on  forced 
marches  of  20  or  30  miles  a  day,  are  oftentimes  meager  and  unsatis- 
factory. Between  the  lines  of  actual  travel  the  data  are  still  less 
reliable,  and  a  great  deal  of  the  mapping  has  l>een  done  simply  from 
inference.  Thus  it  is  probable  that  anyone  examining  closely  the 
detail  of  the  map  will  find  it  nearly  all  inaccurate,  while  one  looking 
for  the  main  principles  will  recognize  the  general  correctness  of  the 
mapping  and  the  value  of  the  map  as  a  pioneer. 

The  inaccuracy  of  the  map  is  unavoidably  heightened  by  the  lack 
of  a  suitable  topographic  base.  The  present  base  has  been  prepared 
in  a  very  rough  and  unsatisfactory  way,  chiefly  from  the  Wheeler  and 
other  early  surveys.  It  is  a  source  of  regret  to  the  author  of  the  bul- 
letin that  so  rough  a  topographic^  map  must  })e  presented  as  the  vehicle 
for  his  geologic  information. 

Within  the  text  of  the  bulletin  an  effort  has  been  made  to  give 
clearly  the  known  facts  concerning  the  geology,  whether  obtained  by 
the  writer  or  previously.  Full  credit  is  given  to  previous  work, 
although  it  can  not  always  be  given  in  the  map  compiled  from  this 
information.     The  chief  sources,  however,  are  shown  on  PI.  II. « 

The  writer  has  judged  it  most  advisable  to  confine  the  text  to 
descriptive  matter.  General  results,  especially  those  involving  appli- 
cation of  theory,  have  been  withheld  or  published  separately.  Among 
these  general  results  the  author  has  published  two  papers  on  volcan- 
ism  in  the  Journal  of  Geolog>%  entitled  Tlie  Succession  and  Relation 
of  Lavas  of  the  Great  Basin  Region  (October-November,  1000),  and 
Transitions  of  Texture  in  certain  Tertiary  Igneous  Rocks  of  the  Great 
Basin.  A  petrographic  pai>er  on  Quartz-muscovite  Rock  from  Bel- 
mont, Nev.,  has  been  published  in  the  American  Journal  of  Science 
(November,  1900).  A  paper  on  the  Origin  and  Structure  of  the 
Basin  Ranges  was  read  before  the  Geological  Soijiety  of  America  at 
Albany,  December,  1900. 


n  After  the  above  was  written,  and  while  the  bulletin  wu»  iu  tpalley  ]>nMif,  new  iuformation  wa» 
received  at)  a  retnilt  of  the  studies  of  MessrH.  Weeks  and  Rowe,  of  the  U  S.  Geolo^c-al  Survey. 
The  studies  of  Mr.  Weeks  were  made  in  1900;  thoHe  of  Mr.  Rowe  iu  19U0  and  1901.  The  results  of 
these  have  been  incorporated  in  the  bulletin. 
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EXPLANATION  OF  FORMATION  NAMES. 

The  following  is  a  brief  explanatiou  of  formation  names  used  in  this 
work.     Names  are  arranged  alphabetically. 

Aubrey  liviestone  and  .sandstone, — These  names  were  applied  by 
Messrs.  Gilbert  and  Marvine  in  1871  to  formations  in  the  Colorado 
Canyon  region.  The  limestone  lies  above  the  sandstone  and  has  a 
thickness  of  820  feet  on  Kanab  Creek.  At  a  few  points  in  the  top- 
most layer  were  found  a  group  of  shells  suggesting  the  Permo-Carbon- 
iferous  of  the  Mississippi  Valley,  indicating  that  the  great  Paleozoic 
lithologic  change  at  this  honzon  marks  the  absolute  close  of  the 
Carboniferous  age.  Lithologically  the  limestone  is  cliaracterized  by 
a  great  abundance  of  chert,  which  toward  the  top  sometimes  consti- 
tutes half  the  mass.  Near  the  middle  it  is  in  some  places  interrupted 
by  a  l)elt  of  shale  with  gypsum. 

The  underlying  Aubrey  sandstone  series  has  a  thickness  in  the 
Aubrey  cliffs  and  along  the  Grand  Canyon  of  about  1,000  feet.  In 
every  exposure  a  portion  of  this  l>ody  is  massive  and  cross  bedded  and 
another  portion  soft  and  gypsiferous,  but  the  order  of  these  parts  is 
not  constant.  The  sandstones  contain  no  fossils,  but  an  intercalated 
limestone  below  the  middle  of  t  he  series  at  Canyon  Creek  bears  famil- 
iar Coal  Measures  shells." 

Chuar  series. — This  name  was  introduced  by  Mr.  C.  D.  Walcott  in 
1883  for  a  part  of  the  Lower  Cambrian  of  the  Grand  Canyon  region. 
Mr.  Walcott  divided  the  Grand  Canyon  gwup  of  Major  Powell  into  a 
lower  and  an  upper  division,  the  Grand  Canyon  and  the  Chuar.  In  1886 
the  reference  to  the  Lower  Cambrian  was  changed  to  pre- Cambrian. 
In  1890  these  strata  were  referred  to  the  Algonkian  system.  In  1894 
Mr.  Walcott  again  classified  the  Algonkian,  dividing  the  Grand 
Canyon  series  of  this  system  into  the  upper  (Chuar)  series  and  the 
lower  (Unkar)  series.  The  Chuar  is  separated  by  an  unconformity 
from  the  overlying  Cambrian  (Tonto  series).* 

Diavfiond  Peak  quarizite. — This  name  was  given  by  Mr.  Hague  to 
the  lowest  lithologic  member  of  the  Carboniferous  at  Eureka,  Nev. 
At  this  place  the  Diamond  Peak  quartzite  consists  of  3,000  feet  of  mas- 
sive gray  and  brown  quartzites,  with  brown  and  green  shales  at  the 
summit.     It  underlies  3,800  feet  of  heavy  bedded,  dark-l)hie  and  gray. 


"U.  8,  Geop.  Surv.  W.  One  Hundredth  Mer.,  Vol.  Ill,  p.  177. 
^ Fourteenth  Ann.  Kept.  U.  S.  Geol.  Sur\-ey,  Part  H,  p.  606. 
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Lower  Coal  Measures  limestone,  which  contaius  intercalated  beds  of 
chert  and  argillaceous  beds  near  the  base.  The  Diamond  Peak  quartz- 
ite  is  not  a  persistent  litholoja^c  terrane,  and  is  not  recognizable  with 
confidence  at  any  great  distance  from  the  Eureka  section. 

Esmeralda  fonriation, — This  name  was  applied  by  Mr.  II.  W.  Tur- 
ner^ to  Tertiary  formations  in  the  Silver  Peak  Range,  in  the  west- 
ern part  of  Nevada.  These  deposits  consist  of  sandstones,  shales, 
volcanic  tuffs,  breccias,  conglomerat43S,  and  great  thicknesses  of 
lacustrine  marls.  Coal  beds  and  plant  remains  occur;  also  fossil 
shells  and  fish  l>ones.  From  the  evidence  afforded  by  these  fossils, 
the  age  of  the  beds  was  broadly  determined  as  late  Eocene  or  early 
Miocene. 

Eureka  quartz  tie.  — This  name  was  applied  by  Mr.  Hague  to  the  mid- 
dle of  the  three  divisions  of  the  Silurian  in  the  Eureka  district.  This 
division  here  consists  of  500  feet  of  compact  vitreous  quartzite,  white 
or  blue  in  color,  and  i)assing  into  rock  of  reddish  tints  near  the  base, 
with  indistinct  betiding.  It  overlies  the  Pogonip  limestone,  and  is 
separated  from  the  overlying  Silurian  Lone  Mountain  limestone  by  an 
unconformity.  The  Eureka  quartzite  appears  to  be  one  of  the  most 
persistent  lithologic  terranes  of  the  Nevada  Paleozoic.  It  has  been 
recognized  over  a  wide  area. 

Grand  Canyon  group, — The  name  Grand  Canyon  group  was  given 
by  Maj.  J.  W.  Powell  to  the  strata  in  the  Grand  Canyon  region  beneath 
the  Tonto  sandstone  and  above  the  Grand  Canyon  schists.  The 
latter  were  referred  tentatively  to  the  Eozoic,  and  the  10,000  feet  of 
the  Grand  Canyon  group  to  the  Silurian.  In  1883  Mr.  C.  D.  Walcott 
referred  Major  Powell's  Grand  Canyon  group  to  the  Lower  Cambrian 
and  separated  it  into  an  upper  and  a  lower  division,  the  Grand  Canyon 
and  the  Chuar.  In  1886  these  rocks  were  referred  by  Mr.  Walcott  to 
the  pre-Cambrian,  and  in  1890  to  the  Algonkian.  In  1894  Mr.  Wal- 
cott subdivided  the  Grand  Canyon  group  of  the  Algonkian  into  the 
Chuar  and  the  Unkar  series.  The  Grand  Canyon  group  is  separated 
by  an  unconformity  from  the  overlying  Cambrian  (Tonto  sandstone), 
and  by  a  great  unconformity  from  the  undertaking  Vishnu  series  of 
schists. 

Hamburg  limestone  and  shale, — The  Hamburg  limestone  and  shale 
are  the  uppermost  divisions  of  the  Cambrian  as  defined  by  Mr.  Hague 
in  the  Eureka  district,  Nevada.  The  Hamburg  shale  lies  at  the  very 
top  and  consists  of  350  feet  of  yellow  argillaceous  shale  containing 
layers  of  chert  nodules,  esjwcially  near  the  top.  The  underlying 
Hamburg  limestone  consists  of  1,200  feet  of  darJc-gray  granular  lime- 
stone, with  only  slight  traces  of  bedding.  The  Hamburg  shale  is 
characterized  by  well-develoi)ed  Upper  Caml)rian  fauna.  ^ 


a  Am.  Geol.,  Vol.  XXV,  p.  168. 

b Second  Ann.  Beiyt.  U.  S.  Geol.  Survey,  p.  27;  Third  Ann.  Rept.,  p.  255. 
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Huviboldt  series. — This  name  was  applied  by  King^  to  a  series  of 
loose,  friable  Tertiar}-  rocks,  carrying  very  recent  fresh-water  inol- 
luaks.  This  series  is  found  at  intervals  all  over  the  northern  portion 
of  the  Great  Basin  region,  from  the  Sierra  Nevada  into  Utah.  Mr. 
King  regarded  all  these  beds,  which  from  their  fossils  were  referred 
to  the  late  Pliocene,  as  lake  deposits  and  as  representing  the  sedi- 
ment of  a  single  lake  out  of  which  the  numerous  lofty  mountain 
masses  rose  in  a  complicated  system  of  islands. 

Koipato  formatian, — This  name  was  applied  by  Mr.  King^  to  one  of 
the  two  chief  divisions  of  the  Triassic  in  western  Nevada,  lie 
describes  the  Koipato  as  made  up  of  siliceous  and  argillaceous  l>eds, 
whose  chemical  peculiarity  is  the  almost  total  absence  of  soda  and 
lime  and  the  high  percentage  of  alumina  and  potash.  This  series  has 
an  observable  thickness  of  about  6,000  feet,  with  an  unknown  quan- 
tity to  be  added  for  the  unseen  beds  at  the  bottom.  The  Koipato  is 
overlain  by  the  Triassic  Star  Peak  series. 

Lone  Mountain  limestone, — This  name  was  given  by  Mr.  Hague 
to  the  uppermost  division  of  the  Silurian  in  the  Eureka  district.  It 
consists  of  1,800  feet  of  strata.  At  the  base  are  black  gritty  beds 
passing  into  light-gray  siliceous  rocks  with  all  traces  of  bedding 
obliterated.  There  are  Trenton  fossils  at  the  base  and  Holy  sites  in 
the  upper  portion.  The  formation  is  separated  from  the  underlying 
Silurian  Eureka  quartzite  by  an  unconformity,  and  is  overlain  con- 
formably by  the  Devonian  Nevada  limestone. 

Nevada  limestone, — The  Nevada  limestone,  as  defined  by  Mr. 
Hague,^  is  the  lower  member  of  the  Devonian  series  at  Eureka.  It 
consists  of  6,000  feet  of  limestone.  The  lower  horizons  are  indis- 
tinctly bedded,  with  saccharoidal  texture  and  gray  color,  passing  up 
into  distinctly  bedded  strata,  reddish  brown  and  gray  in  color,  fre- 
quently finely  striped,  producing  a  variegated  appearance.  The 
upper  horizons  are  massive,  well  bedded,  bluish  black  in  color,  and 
highly  fossiliferous.  The  Nevada  limestone  overlies  the  Silurian 
.  Lone  Mountain  limestone  at  Eureka  and  is  overlain  by  the  Devonian 
White  Pine  shale. 

Ogden  qtiartsite, — This  term  was  applied  by  King''  to  a  sheet  of 
siliceous  sediment,  in  general  compacted  into  a  quartzite.  Mr.  King 
stated  that  this  formation  had  a  remarkable  evenness  over  all  the 
Paleozoic  area  west  of  and  including  the  Wasatch.  In  its  tyj^ical 
locality,  Ogden  Canyon,  Wasatch  Range,  it  was  stated  to  be  1,200 
or  1,400  feet  thick;  at  Cottonwood  Canyon  1,000  feet,  and  in  middle 
Nevada  from  800  to  900  feet.  In  Ogden  Canyon  it  is  bounded  at 
the  top  and    bottom  by  thin   beds  of  greenish-gray  argillites;  and 


n  U.  S.  Qool.  Expl  Fortieth  Par.,  Vol.  I,  p.  434. 

Mbld.,  p.  346. 

o  Third  Ann.  Rept.  U.  S.  Geol.  Survey,  p.  sJ55. 

rfOp.cit.,p.234. 
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about  the  middle  of  the  qnartzite  is  a  thin  bed  of  white,  slightly  silice- 
ous marble.  No  fossils  were  found  in  this  formation,  but  it  was 
referred  to  the  Devonian,  since  it  was  found  to  overlie  the  Pogonip 
limestone,  which  contains  Lower  Helderberg  fossils,  and  is  overlain 
by  the  Wasatch  limestone,  whose  basal  beds  contain  Upper  Helder- 
berg forms. 

Pogonip  formation. — King^  described  the  Pogonip  limestone  in 
middle  Nevada,  in  the  regions  of  White  Pine,  Eureka,  Pinyon,  and 
Roberts  Peak  ranges,  as  being  Cambrian  in  the  lower  half  and  con- 
taining Silurian  fossils  in  its  upper  2,000  feet.  In  the  Eureka  sec- 
tion, the  term  Pogonip  was  limited  by  Mr.  Hague*  to  the  Silurian 
portion  of  the  series,  which  consists  of  2,700  feet  of  interstratified 
limestone  and  argillites,  with  arenaceous  beds  at  the  base.  These 
rocks  pass  into  pure,  fine-grained  limestone  of  a  bluish-gray  color, 
distinctly  bedded.  They  are  highly  fossiliferous.  The  Pogonip  lime- 
stone is  the  lowest  member  of  the  Silurian  of  the  Eureka  section.  It 
overlies  the  topmost  member  of  the  Cambrian,  the  Hamburg  shale, 
conformably,  and  is  conformably  overlain  by  the  Silurian  Eureka 
quartzite. 

Prospect  Mountain  limestone  and  quartzite. — These  names  were 
given  by  Mr.  Hague  *  to  the  two  lowest  divisions  of  the  Cambrian  sec- 
tion at  Eureka,  Nev.  The  Prospect  Mountain  quartzite  is  the  lowest 
and  consists  of  1,500  feet  of  bedded  brownish-white  quartzites,  weath- 
ering dark  brown  but  whiter  near  the  summit.  The  quartzites  contain 
intercalated  thin  layers  of  arenaceous  shales,  and  are  ferruginous 
near  the  base. 

The  quartzite  is  overlain  by  the  Prospect  Mountain  limestone, 
which  consists  of  3,050  feet  of  gray,  compact  limestone  of  rather  light 
shade,  traversed  by  thin  seams  of  calcite.  It  has  very  imperfect  bed- 
ding planes.  The  upper  jwrtion  of  the  Prospect  Mountain  quartiZites 
is  characterized  by  the  Olenellus  or  Lower  Cambrian  fauna,  and  the 
Prospect  Mountain  limestone  by  the  Middle  Cambrian  fauna  of  the 
Rocky  Mountain  section. 

Red  Wall  limestone. — This  name  was  applied  by  Messrs.  Gilbert 
and  Marvino  ^  to  a  heavy  Carboniferous  limestone  in  the  Grand  Can- 
yon region.  This  limestone  has  a  gray  color  on  fresh  fracture,  but 
shows  a  red  rust  on  weather-stained  cliffs.  It  is  generally  heavy 
bedded  to  massive.  At  the  top  sandstone  alternates  with  limestone 
for  from  200  to  500  feet.  Through  its  lower  half  the  limestone  is 
interrupted  by  occasional  shaly  bands.  The  average  total  thickness 
is  2,500  feet.  Fossils  are  abundant  near  the  top  but  rare  in  the  lower 
part.     The  upper  portion  contains  Coal  Measures  fossils.     The  lowest 

a  U.  S.  Oeol.  Expl.  Fortieth  Par.,  Vol,  I,  p.  232. 

b  Third  Ann.  Rept.  U.  S.  G^eol.  Survey,  p.  255. 

c\J.  8.  Gtoog.  Siirv.  W.  One  Hnndredth  Mer.,  Vol.  m,  p.  178. 
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fomihi  were  obtained  just  below  the  middle  of  the  series,  and  were 
donbtfnlly  referred  to  the  Lower  Carboniferous. 

fkfrrei  Canyon  shale. — This  name  was  applied  by  Mr.  Hague*  to 
a  division  of  the  Cambrian  in  the  Eureka  district  overlying  the 
Prospect  Mountain  limestone  and  underlying  the  Hamburg  lime- 
stone. It  consists  of  1,600  feet  of  yellow  and  gray  argillaceous 
shales,  passing  into  shaly  limestone.  This  formation  is  characterized 
by  a  fauna  that  may  be  referred  to  the  upper  portion  of  the  Middle 
Cambrian. 

Star  Peak  for maticm, — This  name  was  applied  by  3Ir.  King*  to  the 
uppermost  of  the  two  great  divisions  of  the  Triassic  of  western 
Nevada.  The  series  consists  of  10,000  feet  of  strata,  made  up  of  an 
alternation  of  three  great  limestone  zones  and  three  interposed  quartz- 
ite  zones.  The  upper  two  quartzites  represent  moderately  pure  sili- 
ceous sediment,  while  the  lower  quartzite  closely  follows  the  physical 
and  chemical  peculiarities  of  the  underlying  Triassic  Koipato  series. 
The  fossils  of  these  limestones  are  marvelouslv  like  the  St.  Cassian 
and  Hallstadt  of  the  Austrian  Alps.  Directly  overlying  the  upper- 
most Star  Peak  quartzite  is  a  limestone  carrying  Lower  Jurassic  or 
Liassic  forms,  and  succeeded  upward  by  an  immense  series  of  argil- 
lites  of  unknown  thickness. 

Tfmio  shale  and  sandstone, — The  name  Tonto  was  applied  by  Mr. 
G.  K.  Gilbert^  in  1874  to  a  series  of  sandstones  and  shales  lying 
between  the  subjacent  granite  and  the  superjacent  limestones  which 
occur  at  the  mouth  of  the  Grand  Canyon  in  Arizona.  He  considers 
the  formation  of  Primordial  age,  and  it  has  been  since  found  to  con- 
tain an  ITpp<*r  Cambrian  fauna.*' 

Truckee  formation. — Mr.  King*'  proposed  the  name  Pah-lTte  Lake 
for  a  fresh- water  3Iiocene  lake,  which  is  regarded  as  extending  from 
the  region  of  the  Columbia  River,  and  perhaps  still  farther  north,  far 
south  through  Oregon  and  Nevada  into  California.  To  the  beds  of 
this  lake  in  the  fortieth  parallel  area  he  gave  the  name  of  Truckee 
Miocene.  They  are  made  up  of  150  feet  or  less  of  detrital  rocks  and 
gritty  sandstones,  with  some  conglomerate.  Above  these  lie  about 
250  feet  of  palagouite  tuff.  Above  this  is  250  to  300  feet  and  more  of 
infusorial  silica,  followed  by  120  feet  of  detrital  sandy  rocks,  contain- 
ing also  infusorial  silica.  Above  these  comes  00  feet  of  fresh-water 
limestone,  which  is  succeeded  upward  by  250  feet  of  detriUil  grits; 
and  the  latter  give  away  to  an  enormous  formation  of  volcanic  tuffs. 
In  Nevada  the  thickness  of  these  volcanic  muds  is  2,000  or  3,000  feet; 
in  Oregon  it  is  even  more. 

"  Third  Ann.  Rept.  U.  8.  Oeol.  Survey,  p.  255. 
ft  U.  S.  Geol.  Expl.  Fortieth  Par.,  Vol.  I,  p.  3i6. 
<•  Bull.  Washingrton  Philos.  Soc.,  Vol.  I,  p.  109. 
rfC. D.  Wal<-4>tt, Bull. U.  S. C*eol.  Survey  No. 81, p. 245. 
^Oj),  nit.,  p.  454. 
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Unkar  formation, — This  has  already  been  mentioned,  under  the 
headings  Grand  Canj^on  and  Chuar,  as  the  lowest  division  of  the 
Grand  Canyon  group  of  the  Algonkian  in  the  Grand  Canyon  section. 
It  is  overlain  conformably  by  the  Chuar,  and  separated  below  by  a 
great  unconformity  from  the  Vishnu  series. 

Wasatch  limestone. — ^The  term  was  applied  by  King®  to  an  enor- 
mous body  of  limestone  seen  in  the  Wasatch  and  farther  west,  but 
not  to  the  east.  He  describes  it  as  a  single  body  of  limestone  about 
7,000  feet  in  thickness,  holding  its  enormous  volume  with  remarkable 
evenness  wherever  observed  over  Utah  and  Nevada.  It  is  underlain 
by  the  Ogden  quartzite,  from  which  it  is  lithologically  sharply  distin- 
guished. Above,  it  passes  into  the  great  Weber  quartzite,  but  there 
is  an  alternation  of  sandstone  and  limestone  beds  at  this  transition 
and  the  thickness  of  these  intercalated  beds  is  very  variable,  reach- 
ing sometimes  about  1,000  feet. 

The  lower  1,400  feet  of  the  Wasatch  limestone  was  regarded  as 
Devonian.  Above  this  is  300  or  400  feet  of  dark,  heavy  limestones 
carrying  fossils  resembling  those  of  the  Waverly  group,  but  which 
perhaps  are  closer  to  the  Devonian.  Directly  above  these  are  400  or 
500  feet  of  dark  beds  carrying  Lower  Carboniferous  fauna,  and  above 
these  the  upi)er  4,500  feet  of  the  limestone  is  characterized  by  abun- 
dant Coal  Measures  fossils. 

The  term  Wasatch  was  not  retained  in  the  Eureka  section,*  the 
Devonian  and  Carboniferous  being  subdivided  into  various  forma- 
tions. However,  these  lithologic  subdivisions  are  not  readily  recog- 
nizable at  many  other  points  in  Nevada,  and  the  old  term  is  often 
convenient. 

Weber  conglxymerate, — Mr.  King^  described  the  Weber  quartzite  as 
a  body  of  indurated  sandstone  and  quartzite  carrying  occasional 
sheets  of  conglomerate,  interposed  between  two  bodies  of  Coal  Meas- 
ures limestone.  He  described  it  as  obtaining  a  thickness  of  2,000  feet 
in  the  Wasatch,  8,000  feet  in  the  Oquirrh,  and  probably  more  in 
middle  California.  This  formation  overlies  the  Wasatch  limestone 
and  underlies  the  Upper  Coal  Measures  limestone. 

The  same  formation  was  recognized  by  Mr.  Hague*'  at  Eureka, 
where  it  is  underlain  by  the  Lower  Coal  Measures  limestone  and  over- 
lain by  the  Upper  Coal  Measures  limestone.  Its  thickness  at  Eureka, 
however,  is  only  2,000  feet.  Here  it  consists  of  coarse  and  fine  con- 
glomerates, with  angular  fragments  of  chert  and  layers  of  reddish- 
yellow  sandstone. 

White  Pine  shale. — This  term  was  applied  by  Mr.  Hague''  to  the 

aU.  8.  Qeol.  Expl.  Fortieth  Par.,  Vol  I,  pp.  235-239. 

b  Arnold  Hague,  Mon.  U.  S.  Qeol.  Survey,  Vol.  XX,  p.  13. 

cOp.  cit.,  p.  240. 

dLoc.  cit. 
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uppemioftt  of  the  lithologic  divisions  of  the  Devonian  in  the  Eureka 
district.  It  consists  of  2,000  feet  of  black  argillaceous  shales,  more 
or  less  arenaceous,  with  intercalations  of  red  and  reddish-brown  friable 
sandstone,  changing  rapidly  with  the  locality.  The  beds  contain 
plant  impressions.  The  formation  is  underlain  by  the  Devonian 
Nevada  limestone  and  overlain  by  the  Carl>oniferous  Diamond  Peak 
quartzite.  These  lithologic  subdivisions  seem  to  change  rapidly  as 
one  goes  away  from  the  Eureka  district,  and  have  not  oft^^n  l>een 
certainly  identified. 


CHAPTER    T 

RANGES  OF  EAST-CENTRAI.  NEVADA. 

SNAKE   RANGE. 

The  Snake  Range  lies  next  east  of  the  Sehell  Creek  Range  and  for 
the  most  part  just  west  of  the  Nevada-Utah  line.  It  is  the  most 
conspicuous  range  between  the  Wasatch  and  the  Humboldt.  The 
northern  end  of  the  range  has  been  variously  called  the  Deep  Creek 
Mountains  or  the  Ibenpah  Mountains,  while  just  south  of  this  part  of 
the  range  a  transverse  ridge  has  been  called  the  Kern  Mountains;  but 
here  they  will  all  he  included  under  the  general  name  Snake  Range. 
The  range,  as  thus  defined,  extends  from  al)out  latitude  40®  15'  about 
135  miles  in  a  direction  a  little  west  of  south.  At  its  southern  end  it 
runs  into  a  group  of  irregular  mountains,  probably  in  large  part  vol- 
canic, of  which  certain  portions  go  by  the  name  of  the  Cedar  Moun- 
tains, and  the  Pifion  Mountains  of  Lincoln  County. 

TOPOGRAPHY. 

The  relief  of  the  Snake  Range  is  in  general  great.  The  mountains 
are  divided  into  irregular  ridges  which  are  broken  and  separated  by 
transverse  east-west  gaps.  By  two  such  gaps  the  so-called  Kern 
Mountains  are  separated  from  the  rest  of  the  range,  and  a  similar  but 
lower  gap  occurs  just  north  of  Wheeler  or  Jeff  Davis  Peak.  This 
peak  has  the  highest  elevation  of  any  between  the  Sierra  Nevada  and 
the  Wasatch,  attaining  over  12,000  feet  (PI.  HI,  A).  Directly  south 
of  this  the  mountains  decrease  rapidly  in  height  and  pass  into  the  low 
volcanic  peaks  alcove  mentioned. 

Some  of  the  erosion  forms  are  interesting.  On  the  cast  side  of  the 
range,  between  Wheeler  Peak  and  the  Kern  Mountains,  a  number  of 
springs  furnish  continual  streams.  At  the  mouths  of  the  gulches 
from  which  such  streams  flow  the  Pleistocene  wash  which  covers  the 
base  of  the  mountains  has  been  lowered  fully  50()  feet  below  the  wash 
on  both  sides,  and  the  stream  flows  through  this  deposit  between 
steep  banks  40  feet  high.  Where  near-by  gulches  which  do  not  con- 
tain any  continual  streams  join  the  same  detrital  apron,  the  reverse 
is  the  case,  the  gulches  being  fronted  by  huge  alluvial  fans  higher 
than  the  rest  of  the  plateau. 

Considering  the  gulches  formed  by  these  continual  streams  and 
comparing  them  with  the  neighboring  gulclve^^  \^\v\^  ^^  xvS3\>  ^<5i^\aw\sv 
spnufTs,   we  find  a  strong  contraftt.     ^m\>^\v  CyT^«^\^,  ^^^  ^^wsv^^.^'v^ 
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a  spring  flowing  in  the  bottom  of  a  magnificent  narrow  canyon, 
bonnded  by  perpendicular  walls  2,0<X)  or  2,500  feet  high.  In  these 
walls  are  a  number  of  largo  holes  or  caves  in  the  limestones,  which 
evidently  represent  the  former  courses  of  the  same  spring  that  now 
emerges  in  the  gulch  bottom.  From  the  distribution  of  these  caves  it 
appears  that  the  spring  has  been  flowing  during  all  the  time  that  the 
ciinyon  has  been  eroding  and  that  its  former  underground  courses 
have  been  exposed  by  the  down  cutting.  The  adjacent  gulches,  which 
do  not  continually  contain  running  water,  have  V-shaped  valleys  with- 
out box  canyons,  and  are  much  shallower. 
In  this  canyon  are  small  working  mines. 

ARCHEAN  ROCKS. 

Howell  found  fragments  of  granite  in  the  wash  which  came  down 
from  Wheeler  Peak,  and  regarded  this  as  Archeaii,  underlying  the 
undoubtedly  Cambrian  quart.zite.  Farther  north,  on  the  east  face  of 
the  mountain,  and  on  the  north  side  of  the  gap  which  runs  trans- 
versely across  the  range  north  of  Wheeler  Peak,  the  writer  found 
abundant  schistose  granite  in  the  drift  and  in  one  locality  in  place. 
Where  it  was  found  in  place  it  seemed  to  lie  beneath  limestones  which 
are  probably  Cambrian,  with  no  intervening  quartzite.  Farther 
north,  also  on  the  eastern  side  of  the  range,  one  finds  continually 
huge  blocks  of  schistose  granite  mingled  with  the  blocks  of  schistose 
Cambrian  quartzite.  UiK)n  the  north  side  of  the  Kern  Mountains 
granite  is  found  in  contact  with  the  schistose  Cambrian  quartzite  and 
also  with  the  overlying  metamorphic  limestones.  The  central  i)ortion 
of  the  Kern  Mountains  is  made  up  of  this  granite,  with  the  Cambrian 
rocks  on  the  flanks.  A  specimen  examine<l  microscopically  proved  to 
be  a  biotite-muscovite-granite,  approaching  alaskite.  On  the  bordera 
of  the  granitic  mass  are  found  siliceous  granitic  dikes,  which  cut  the 
Cambrian  quartzite-schists.  Atone  locality,  which  is  on  the  south- 
west side  of  Pleasant  Valley  and  near  the  State  lino,  is  found  a  broad 
belt  of  c(mfuse<l  alaskik>  dikes  showing  a  tendency  to  change  into  a 
muscovite-biotite-gi'anit(^  on  the  one  hand  and  into  large  quartz  veins 
on  the  other. 

Howein  notes  that  at  the  head  of  Deep  Creek,  only  a  few  miles 
north  of  Pleasant  Valley,  the  erosion  of  the  creek  has  laid  bare  gran- 
ite underlying  the  quartzit<^  and  limestone.  From  here  northward  to 
Uiyabi  Ptiss,  not  far  from  the  northern  end  of  th<»  nuige,  he  notes 
that  the  base  of  the  range  is  granite,  overlain  and  flanked  or  the 
west  by  quartzite  and  limestone. 

From  these  evidences  it  would  seem  that  the  limestones  and  over- 
lying quartzites  which  form  the  base  of  tlie  stratified  series  in  the 
Snake  Riinge,  and  wliieh  will  be  presently  shown  to  be  Cambrian,  are 
ordinarily  underlain  by  granite.     Hut  in  at  least  one  locality  similar 
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granitic  rock  is  locally  intrusive  into  the  Cambrian  strata,  and  the 
same  has  been  suspected  in  other  places.  From  the  fact,  however, 
that  the  intrusive  phenomena  are  of  minor  importance,  and  also  from 
the  circumstance  that  where  the  Cambrian  quartzite  is  schistose  the 
underlying  granite  also  shows  signs  of  movement,  the  writer  inclines 
to  the  belief  that  the  granite  as  a  whole  is  really  Archean  and  is  the 
basement  upon  which  the  Cambrian  quartzites  were  laid  down.  So 
thick  a  series  of  quartzites  (amounting  to  several  thousand  feet) 
naturally  suggests  a  granitic  land  mass  as  their  source.  As  regards 
the  occasional  intrusive  phenomena,  it  is  possible  that  these  represent 
occasional  outbursts  of  molten  rock  which  found  its  way  from  the 
lower  and  more  heated  regions  up  through  the  crust  of  hard  Archean 
granite  and  into  the  overlying  Cambrian,  being  intrusive  into  the 
Upper  Archean  as  well  as  into  the  quartzites,  although  belonging  prac- 
tically to  the  same  body  as  the  basement  granite.  The  writer  would 
suggest  that  this  explanation  may  possibly  apply  to  Big  Cottonwood 
Canyon,  in  the  Wasatch,  near  Salt  Lake  City,  whei'e  the  granite  was 
originally  believed  1o  be  Archean,  but  where  later  observers  have 
noted  intrusive  phenomena.*' 

SEDIMENTARY   ROCKS. 
CAMBRIAN. 

In  the  southern  part  of  the  range,  at  Wheeler  Peak,  there  are  heavy 
quartzites  dipping  in  all  directions,  forming  a  gentle  quaquaversal. 
Howell*  not^s  the  same  quartzites  for  some  distance  south  of  the  peak, 
overlain  by  heavy  bluish-gray  limestones.  He  estimates  the  lime- 
stones as  4,000  to  5,000  feet  thick,  and  the  underlying  quartzite  at 
not  less  than  1,000  feet. 

North  of  Wheeler  Peak,  at  the  mining  camp  at  Osceola,  the  writer 
observed  these  quartzites,  and  found  on  the  mountain  just  south  of 
the  camp  about  50i)  feet  of  pure  white  quartzite  underlain  by  about 
2,000  feet  of  massive  gray  quartzite,  with  some  silvery  slate.  At 
Osceola  there  is  an  east-west  fault  which  brings  together  a  massive 
brown  craggy- weathering  quartzite  on  the  north  side  and  the  silvery 
slate  with  quartzite  bands  on  the  south.  Above  the  quartzite,  one  mile 
east  of  Osceola,  there  is  a  high  bluff  of  dark-blue  frosty  lustered  silice- 
ous limestone  with  indistinct,  probably  organic,  markings,  similar  to 
the  limestones  just  west  of  here,  in  the  Schell  Creek  Range.  About  a 
mile  farther  east  the  slight  westerly  dip  of  the  limestones  brings  up 
the  same  underlying  silvery  slates  as  were  noted  in  the  neighborhood 
of  Osceola  and  also  in  the  Schell  Creek  section  at  the  same  horizon. 
The  limestones  in  the  neighborhood  of  Osceola  were  estimated  at 
1,000  feet  thick,  while  the  slates,  as  exposed  in  the  Schell  Creek  sec- 
tion, were  roughly  estimated  at  from  4,000  to  5,000  feet.     A  short 
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dintanee  farther  east  the  elates  are  nnderlain  by  300  feet  of  brown 
qnartzite  like  that  at  Osceola,  below  which  comes  600  feet  of  gray 
qnartzite. 

The  following  observations  hare  been  directly  communicated  to  the 
writer  by  Mr.  F.  B.  Weeks,  who  made  an  extended  trip  in  the  Great 
Basin  region  in  the  summer  of  1900: 

A  few  himdred  feet  below  the  smnmit  of  the  ridge  sonth  of  Osceola  fossils  were 
foand  in  the  limestone  and  have  been  determined  by  Mr.  Walcott  as  Lower 
Cambrian. 

Abont  8  mileB  northeaflt  of  Osceola  the  center  of  the  range  is  occupied  by  hard 
and  maflsive  drab  and  bine  limestones,  in  which  fossils  collected  at  two  localities 
have  been  determined  by  Mr.  Walcott  to  be  Middle  Cambrian  forms.  These  Cam- 
brian limestones  are  succeeded  by  Ordovician  limestones. 

We  have,  then,  in  the  neighborhood  of  Osceola  a  section  of  sedimen- 
tary rocks  resting  upon  the  basal  granite  and  consisting  of  at  least  2,500 
feet  of  quartzites,  succeeded  by  a  thickness  of  silvery,  somewhat 
micaceous  slates  of  uncertain  but  probably  considerable  thickness, 
and  these  by  at  least  a  thousand  feet  of  metamorphic  limestones. 
The  section  is  identical  with  that  just  west  of  here,  in  the  Schell  Creek 
Range. 

About  20  to  25  miles  south  of  Wheeler  Peak  Cambrian  limestones, 
overlain  by  Ordovician  limestones,  were  also  observed  by  Mr.  Weeks. 

All  along  the  eastern  side  of  the  Snake  Range,  north  of  Wheeler 
Peak,  is  found  Ihe  same  section,  although  the  overlying  silvery  slates 
often  become  more  quartzitic  and  pass  into  quartzite-schists.  Just 
north  of  the  east- west  gap  crossing  the  range  north  of  Wheeler  Peak 
a  series  of  2,500  to  3,000  feet  of  craggy-weathering  brown  or  black 
considerably  altered  limestones,  reticulated  by  many  veins  and  highly 
jointed,  was  gone  through.  In  this  limestone  no  fossils  were  seen,  but 
above  it  is  found  limestone  with  Coal  Measures  fossils.  The  lower 
limestone  is  believed  to  be  in  part  Cambrian,  for  below  it  was  found  a 
belt  of  about  200  feet  of  black  shale,  in  which  a  number  of  fossils 
were  collected,  which  were  determined  by  Mr.  C.  D.  Walcott  to  be 
Cambrian.  Below  this  shale  comes  a  peculiar  50-foot  bed  of  white 
marble,  banded  with  gray,  and  beneath  this  upward  of  1,500  feet  of 
highly  schistose  qnartzite,  producing  the  effect  of  a  silvery  slate. 

From  here  north  to  the  transverse  gap  which  cuts  across  the  range 
south  of  the  so-called  Kern  Mountains,  one  finds  almost  continuously 
the  same  quartzite-schists  at  the  bottom  of  the  section,  sometimes 
nearly  approaching  the  condition  of  a  mica-schist.  Above  this  come 
heavy  l>edded  limestones,  which  weather  brown,  and  which  carry 
indistinct  and  indeterminable  fossil  remains.  Midway  between  the 
northeni  end  of  the  main  portion  of  the  Snake  Range,  south  of  the 
Kern  Mountains,  and  the  Kern  Mountains  themselv<'s,  the  same 
metamorphic  limestone  was  found  in  a  butte. 

From  obsorvationH  all  along  this  face  of  the  ranji:o  the  thickness  of 
tlie  wotamorphic  Jimestone  was  estimated  at  a\>o\xt  ^,^^  i^^X.    K^^c- 
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iinen  of  tho  limestone  examined  appeared  to  contain  indistinct  traces 
of  organic  forms,  but  was  thoroughly  recrystallized. 

At  the  southeastern  end  of  the  Kern  Mountains  the  same  highly 
altered  limestone  was  found.  Farther  northwest,  toward  the  heart  of 
the  mountains,  this  is  underlain  by  highly  altered  quartzite-schists 
with  an  intercalated  band  of  marble  similar  to  the  section  described 
farther  south.  The  schist  is  cut  by  numerous  dikes  of  siliceous  granitic 
rock,  as  above  described.  Thin  sections  of  tho  schist  examined 
proved  that  it  was  originally  quartzite,  but  the  moi-e  metamorphosed 
specimens  showed  the  development  of  biotite  and  muscovite  along 
sliding  planes,  producing  a  muscovite-biotite-quartzite-sohist. 

In  the  mountains  on  the  north  side  of  Pleasant  Valley  Mr.  Howell** 
has  noted  that  the  range  is  compose<l  of  quartzite  overlying  granite 
and  itself  overlain  by  limestone.  Ho  also  notes  that  there  is  fre- 
quently a  little  shale  between  the  limestone  and  the  quartzite.  At 
Uiyabi  Pass  he  estimated  the  limestone  at  from  3,000  to  5,000  feet. 
He  found  there  only  from  200  to  400  feet  of  quartzite  between  the 
granite  and  tho  limestone. 

Along  the  north  side  of  Pleasant  Valley,  at  the  base  of  the  Deep 
Creek  Mountains,  the  writer  noted  tho  continuation  of  the  altered 
limestones  that  overlie  the  quartzites  and  shales  of  the  Kern  Moun- 
tains. This  limestone  was  traced  northwestward  to  the  gap  though 
which  the  road  runs  northward  to  Deep  Creek.  Immediately  west 
of  here  it  is  replaced  by  less  altered  limestone  carrying  Coal  Meas- 
ures fossils. 

We  have,  therefore,  extending  nearly  the  whole  length  of  the 
Snake  Range,  for  100  miles  at  least,  a  heavy  quartzite  resting  upon  a 
basement  of  granite  and  overlain  by  slates,  which  in  turn  are  overlain 
by  massive  metamorphic  limestones.  The  thickness  of  the  quartzite 
in  tho  neighborhood  of  Osceola  was  estimated  at  not  less  than  2,500 
feet,  while  Mr.  Howell  found  only  200  or  400  feet  at  the  northern  end 
of  the  Deep  Creek  Range.  The  thickness  of  the  overlying  shales  or 
slates  seems  to  be  likewise  small  at  the  northern  end  of  the  range, 
while  in  the  neighborhood  of  Osceola  it  is  considerable,  and  was 
roughly  estimated  by  the  writer,  partly  by  comparison  with  the 
adjacent  Schell  Creek  Range  section,  to  be  4,000  to  5,000  feet.  The 
thickness  of  the  massive  limestoiies  above  was  estimated  by  Mr. 
Howell  at  Wheeler  Peak  at  from  4,000  to  5,000  feet;  by  the  writer,  at  a 
point  some  distance  farther  north,  at  about  5,000  feet;  and  by  Mr. 
Howell  at  Uiyabi  Pass  at  from  3,000  to  5,000  feet.  But  at  the  latter 
locality  Howell  found  Carboniferous  fossils,  so  that  at  least  the  upper 
part  of  the  limestone  here  can  not  be  included  with  the  Cambrian. 

Tho  whole  section  corresponds  in  its  chief  features  to  the  Cambrian 
section  of  the  Schell  Creek  Range,  the  Highland  Range,  and  the  section 
at  Eureka,  and  the  Cambrian  fossils  found  in  the  shale  horizon, above 
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mentioned  confirms  the  oorrelation.  AVe  have  therefore  a  roughl 
estimated  thickness  of  at  least  12,5^X)  feet  of  Cambrian  in  this  range 

SILURIAN. 

On  the  road  which  runs  east  from  Osceola  there  was  observed 
hard  white  quartzite  alK>ut  400  feet  thick,  which  was  recognized  i 
the  field  as  similar  in  every  resi)ect  to  the  Silurian  Eureka  quartzit 
of  the  Eureka  section. 

Northeast  of    this   locality,  about   4   miles   north    of    Robinson 
j  ranch  (PI.  IV,  -4),  a  compact  conglomerate,  which  will  j^resently  I] 

described  as  probably  Mesozoic  or  T<^rtiary,  contains  large  quant 
ties  of  similar  white  quartzite,  together  with  limestone  fragments 
From  some  of  the  limestone  fragments  the  following  Ordovicia 
(Lower  Silurian)  fossils  were  obtained  and  identified  by  Prof.  E.  C 
Ulrich : 

Leperditia  fabuliteti  Omrad,  variety. 
Isochilina,  sp.  nndet. 
Lopho8pira,  sp.  cf.  L.  bicincta  Hall. 
Fragments  of  an  Orthis  near  Tricenaria. 

These   conglomerates  pass    laterally   into    limestones    and   whit 

Quartzites,  whence  they  are  derived.     The  Leperditia  above  mei 

tioned  is  found  in  the  Pogonip  terrane  at  Eureka,  so  that  the  lim< 

stone  here  is  very  likely  of  the  same  horizon.     This  also  strengther 

the  previous  tentative  assignment  of  the  quartzite  to  the  Silurian. 

li  \  Eight  miles  northeast  of  Osceola,  in  the  center  of  the  range,  M 

j  F.  B.  Weeks"  observe<l,  overlying  Cambrian  limestones,  a  differei 

I  j  series  of  purple,  drab,  and  white  limestones,  in  which  the  followin 

'  I  Ordovician  fossils  were  found  (determined  by  Professor  Ulrich): 

Fragments  of  crinoid  columns. 

Orthis  (cf.  lonensis  and  holstoni). 

Dalmanella  (cf.  testudinaria). 

Dalmanella  (cf.  emacerata). 

Dalmanella  (cf.  perveta  and  |K)goui{)en8is). 

Brachiopod  of  undetermined  relations. 
;  Maclurea. 

EJccyliopterus  (near  owenanus  (H.  &  W.)  Ulr.). 
I  Helicotoma  sp.  undet. 

I  Lophospira? 

Cyrtoceras  ?  ( very  small ) . 

Related  to  Serpulites  dissolutus  Billings. 

Asaphns — fragments.    ( I ) 

Asaphus.  (2) 

Asaphus  sp.  undet.         (3) 

Asaphus  (cf.  curio8U8).(4) 

Batbyums  sp.  undet. 

Cyphaspis  ?  sp.  undet. 

Two  undet.  trilobites. 

niaenus  (cf.  americanus  Billings). 
UL  Amphion  (near  salteri  Billings). 

B  Amphion  nevadensis  Walcott. 

o  Personal  communication  to  t\i©  "writer . 
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Mr.  Weeks  states  that  about  20  to  25  miles  south  of  Wheeler  Peak, 
in  the  bold  escarpment  1,500  to  2,000  feet  in  height  which  faces  Spring 
Valley,  the  Ordovician  limestones  abut  against  the  Cambrian  with  a 
very  high  angle  of  dip.  In  this  series  the  following  fossils,  deter- 
mined by  Professor  Ulrich,  have  been  collected : 

First  lot 

Orthis  (near  tricenaria). 

Orthis  (?  type  of  plicatella). 

Orthis  (of.  bellamgosa). 

Orthis  n.  sp.  (near  O.  holstoni  Safford). 

Dalmanella  (type  of  testndinaria). 

Dalmanella  (type  of  perveta). 

Dalmanella. 

Hormotoma  (near  gracilis). 

Leperditia  bivia  White. 

Leperditella  sp. 

Leperditella  ?  sp. 

Schmidtella  n.  sp.  (nearcrassimarginata). 

Bathynms  (?  Dikellocephalus) .     Occurs  elsewhere. 

Bathynrus. 

Amphion. 

Asaphns. 

Asaphns. 

Asaphns  ?  curiosns  (Billings)  Walcott. 

Second  lot. 

Fragments  of  large  cystidean  or  Carabocrinus. 

Orthis  tricenaria-costalis. 

Orthis  pogonipensis  ? 

Orthis  n.  sp.  (near  O.  holstoni  Safford). 

Eccyliopterns— fragment. 

Endoceras  of  new  type. 

Leperditia  bivia  White. 

Leperditia  n.  sp.  (near  bivia  and  fabnlites). 

Leperditia  n.  sp.  (semipnnctate). 

Schmidtella  n.  sp. 

niBBnns  sp.  (?  Thaleops) . 

Amphion  nevadensis  Walcott. 

Bathynms  ?  n.  sp.     (Occurs  at  many  locahties.) 

These  fossils  are  types  that  wei-e  found  by  Mr.  Walcott  in  the 
Lower  Pogonip  (Ordovician)  at  Eureka,  and  it  is  not  probable  that 
an  erosion  interval  of  much  imj)ortance  occurs  at  this  horizon. 

The  Carboniferous  strata  lie  unconformably  upon  the  Ordovician 
in  nearly  horizontal  position,  and  form  the  remaining  portion  of  the 
Snake  Range.  Between  the  Ordovician  and  the  Carboniferous  there 
is  a  great  interval  of  nondeposition,  since  the  Eureka  quartzite,  the 
Lone  Mountain  limestone  of  the  Silurian,  and  the  whole  of  the 
Devonian  as  exposed  at  Eureka,  are  wanting  in  tM*^  ^^^\K»v^. 
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* 

CAKBONIFKROU8. 

Mr.  F.  B.  Weeks**  reports  that  near  the  southern  end  of  the  Snake 
Range  the  Lower  Silurian  (Pogonip)  rocks  are  directly  overlain  by 
Carboniferous  limestones.  There  is  here  a  gap  in  the  Paleozoic  sec- 
tion. The  upper  formations  of  the  Silurian  as  exposed  at  Eureka 
(the  Eureka  quartzite  and  the  Lone  Mountain  limestone)  are  wanting, 
as  well  as  the  whole  Devonian  section  (8,000  feet  thick  at  Eureka). 
In  a  low  pass  near  the  southern  end  of  the  Snake  Range  Carbonifer- 
ous fossils  were  found,  which  were  determined  by  Dr.  Girty  as  con- 
taining species  of  Zaphrentis^  Syringojwra,  and  Reticularia, 

In  the  section  across  the  range  eastward  from  Osceola,  and  just 
north  of  Wheeler  Peak,  the  Cambrian  rocks  are  succeeded  to  the 
east  by  a  conglomerate  made  up  chiefly  of  the  peculiar  metamorphic 
Cambrian  limestones,  and  also  containing  pebbles  of  the  quartzite 
and  calcite  veins  which  these  limestones  hold.  Between  this  locality 
and  the  next  outcrop  to  the  west  (which  consists  of  Cambrian  quartz- 
ite and  limestones),  there  is  a  gap  of  a  few  miles,  covered  by  a  drift 
in  which  no  rock  outcrops  were  observed.  Succeeding  this  on  the 
east  is  dark-gray,  somewhat  fetid,  calcite-veined  limestone,  which  is 
very  fossiliferous.  This  locality  yielded  tlie  following  Upper  Carbon- 
iferous fossils,  which  were  determined  by  Dr.  George  H.  Girty: 

Fistulipora  ?  sp. 
Productus  n.  sp. 
Productns  sp. 
Marginifera  splendens. 
Spirifer  booneiisis. 
AmboccBlia  planiconvexa. 
Seminnla  subtilita. 

This  is  lithologically  the  same  rock  as  tlie  Upi>er  Carboniferous  on 
the  west  side  of  the  Schell  Creek  Range,  where  it  also  abuts  against 
the  Cambrian. 

This  fossiliferous  bed  is  succeeded  farther  east  by  similar  limesUmes 
and  by  lieds  of  ferriferous  quartzite.  After  about  three-quarters  of  a 
mile  there  comes  in  about  400  feet  of  hard  white  quartzite,  which  is 
supposed  to  be  Silurian.^  Tlie  dip  of  this  flattens  so  that  it  forms  the 
outcrops  and  the  tops  of  the  hills  for  a  half  mile  cast.  Then  comes 
in,  farther  east,  conglomerate  made  up  of  limestone  fragments  in  a 
reddish,  finely  triturated  matrix.  The  fragments  yielded  the  follow- 
ing Upper  Carboniferous  fossils,  which  were  identified  by  Dr.  George 
II.  Girty: 

Productus  prattenianus. 
Productus  portlockianus? 
Marginifera  splendens. 
Spirifer  cameratus. 
Seminula  mira? 

«  Pei-Honal  communication  to  the  writer. 
bSao  p.  80. 
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Proceeding  north wartl  from  this  point  along  the  eastern  face  of  the 
mountains,  there  was  found,  about  4  miles  north  of  Robinson's  ranch, 
a  compact  red  conglomerate,  made  up  mostly  of  white  quartzite  and 
crystalline  limestone  full  of  caicite  veins.  The  limestone  fragments 
yielded  the  following  Ordovician  (Lower  Silurian)  fossils,  w^^ich  were 
identified  l)y  Dr.  George  H.  Girty:  Fragments  of  Orthis  sp.  and 
Leiierditia  bivici. 

From  another  fragment  the  following  Upper  Carboniferous  fossils 
were  obtained:  Rhombopora'/  sp.  and  lamellibranch  fragments. 

The  angular  shape  of  these  fragments  proves  a  shore  formation. 
Two  hundred  yards  north  the  conglomerate  passes  laterally  and 
rapidly  into  the  solid  rocks  from  which  it  is  derived — black,  dark- 
blue,  and  gray  limestones,  thoroughly  seamed  and  crushed,  and  white 
quartzite,  having  nearly  the  same  attitude  as  the  conglomerates.  The 
solid  limestone  carries  fossils  like  those  in  the  conglomerate.  Follow- 
ing the  section  northward,  one  passes  through  2,500  or  3,000  feet  of 
limestone  to  a  belt  of  black  shale  in  which  Cambrian  fossils  were 
found,  as  determined  by  Mr.  C.  1).  Walcott. 

From  here  northward  as  far  as  Pleasant  Valley  no  Carboniferous 
fossils  were  found.  On  the  north  side  of  Pleasant  Valley  the  meta- 
niorphic  limestones,  which  have  been  referred  to  the  Cambrian,  are 
succeeded  to  the  west,  near  the  gap  where  the  road  to  Deep  Creek 
runs,  by  comparatively  unaltered  although  calcite-veined  limestones, 
which  carry  the  following  Ui»per  Carboniferous  fossils,  as  determined 
b}'  Dr.  George  H.  Girty: 

Romingeria?  8p. 
Fenestella  sp. 
Prodncttis  prattenianuH. 
Seminnla  mira? 
Pugnax  rockymoiitanus. 
Dielasma?  Bp. 
Edmondia?  sp. 
Pleurotomaria  sp. 
Bellerophon  crassus? 

Farther  north,  at  Uiyabi  Piuss,  near  the  northern  end  of  the  range, 
Mr.  Howell  found  a  few  fossils,  among  them  Fusulina  cyUndrlcn^  which 
indicate  Carboniferous  age.  These  fossils  were  found  in  Carbonifer- 
ous limestone  which  lies  above  the  Cambrian  quartzite,  and  probably 
in  the  upper  part  of  the  limestone,  the  lower  part  being  presumably 
Cambrian.^  This  limestone,  according  to  Mr.  Howell,*  is  about  4,000 
or  5,000  feet  thick. 

MESOZOIO  OR  TERTIARY.  . 

As  described  above,  there  was  found  on  the  road  leading  east  from 
Osceola   a  foldecl  conglomerate  ma<le   up  of  coarse  limestone  frag- 

"  See  p.  S».  fr  U.  S.  Oeog.  Surv.W.  One  Hmidredth  Mer.,  Vol.  Ill,  p.  t«t. 
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inentH  cnrrying  Upper  Carboniferous  fossils  and  evidently  derived 
from  iminediat'ely  adjacent  Upper  Carboniferous  strata.  This  eon- 
ll^lomerate  may  be  x>art  of  a  series  which  was  examined  for  4  miles 
farther  eant,  and  seems  to  conRist  mostly  of  gray  sandstones.  The 
i>iandst4MieH  are  tilted  toward  the  west,  sometimes  at  angles  of  45^,  but 
in  one  place  seem  unconformable  with  a  knob  of  underlying  lime- 
stone. In  the  mountains  a  few  miles  north  of  Robinson's  ranch,  as 
l>efor«*  not<?d,  there  was  found  a  compact  red  shore  conglomerate, 
C4>mi>OH<5<l  of  limestone  fragments  carrying  Ordovician  and  Upper 
CarUmiferous  fossils.  This  is  100  feet  thick,  and  below  it  comes  50 
feet  of  consolidated  black  limestone  talus;  Inflow  the  talus  is  again 
.VKj  fifct  of  reddish  conglomerate.  This  series  dips  45°  to  the  west, 
but  2<X)  yards  farther  north  it  seems  to  pass  laterallj'  into  the  solid 
rocfkn  from  which  it  is  derived. 

It  thus  ap{)ears  that  above  the  Upper  Carl)oniferous  limestone,  and 
sc*parat4»(l  from  it  by  a  distinct  erosicm  interval,  if  not  by  an  uncon- 
formity, is  a  thick  series  of  gray  sandstones  an<l  limestone  conglomer- 
at<*K.  Wo  have  no  means  of  determining  the  age  of  these  rocks. 
In  its  i>hysical  chanw.ters  the  series  corresiK)nds  roughly  to  the  Trias- 
sic  dcscrilM»d  in  the  Wasatch  and  eastward  by  Mr.  King.^  It  may 
also  l)e  i)ossibly  Eocene.* 

PLIOl'KNK. 

At  the  southeast<^^rn  end  of  Pleasant  ^'Hllev  is  a  considerable  area  of 
level-topped  hills,  whicli  rise  about  1,5CM)  feet  alM>ve  the  valley,  and  are 
syninietrically  ero<led.  They  are  compos(Ml  of  horizontal,  slightly  con- 
solidated sands,  with  ledges  of  conglomerates.  At  the  base  of  the 
series  the  material  is  coarse  and  little  arrangcMl. 

Just  north  of  here,  on  the  west  side  of  l)ee[)  Creek  Valley,  Mr. 
Emmons''  has  describecl  beds  of  fine  sand  and  marls,  with  some  gravel 
conglomerate,  and  notes  that  they  have  a  general  lithologic  resem- 
blance to  the  Humboldt  Pliocene. 

The  Pleasant  Valley  strata  also  corri»spon<l  in  general  appearance 
to  the  supposedly  Pliocene  sands  and  gravels  which  are.  found  over  so 
larg(»  a  part  of  Nevada.  They  are  far  above  tlu»  shore  of  Lake  Bonne- 
ville, as  indicated  b}'  Mr.  GillKM-t,''  and  then^fore  appear  to  l>elong  to 
a  lK)dy  of  water  more  ancient  and  probably  more  extensive  than  the 
Pleistocene  lake 

PLEISTOCKNK. 

Mr.  Emmons''  noted  at  the  northern  end  of  the  I)(H»p  Creek  (or 
Ibenpali)  H^inge  tin*  tcMTacesof  a  former  lak<\  of  wliicli  the  liighest  was 
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about  800  feet  above  the  desert  level.  This  is  perhaps  one  of  the 
terraces  of  the  Pleistocene  Lake  Bonneville,  afterwards  described  by 
Mr.  Gilbert. 

IGNEOUS  ROCKS. 
LAVAS. 

At  the  southeastern  end  of  Pleasant  Valley  occurs  a  series  of  small 
buttes  of  hornblende-andesite.  On  the  west  end  of  this  valley  a  mod- 
erately large  area  at  the  base  of  the  mountains  is  of  augite-aleutite. 

DIKE    ROOKS. 

Along  the  north  side  of  the  Kern  Mountains,  in  Pleasant  Valley, 
many  acid  dike  rocks,  varying  from  siliceous  alaskite  to  muscovite- 
biotite-granite,  were  found  cutting  the  C^ambrian  quartzites  and 
limestone.  Associated  with  these  dike  rocks  are  abundant  quartz 
veins.  It  is  believed  that  these  dikes  liave  some  connection  with  the 
probable  Archean  granite  which  underlies  the  quartzites.  A  specimen 
of  this  granite,  taken  a  few  miles  west  of  the  dikes,  proved  to  be 
biotite-muscovite-granite. 

STRUCTURE. 
FOLDS. 

The  general  structure  of  the  Snake  Range,  between  Wheeler  Peak 
and  the  Kern  Mountains,  appears  to  be  anticlinal,  although  the  rocks 
are  mostly  worn  away  from  the  eastern  limb.  The  axis  of  the  fold 
runs  along  the  east  side  of  the  mountains  and  is  marked  by  a  north- 
south  depression,  with  high  hills  to  the  east  and  the  bulk  of  the 
range  to  the  west.  The  general  dip  on  both  sides  of  the  axis  is  per- 
haps not  more  than  20°,  although  it  increases  locally  to  45°  and  even 
more. 

In  the  neighborhood  of  Wheeler  Peak,  also,  the  rocks  form  a 
gentle  anticline.  There  is  also  cross  folding,  with  an  east-west  axis, 
so  that  the  peak  occupies  the  center  of  a  quaquavei-sal.  A  short  dis- 
tance south  of  the  peak  the  western  half  of  the  principal  north-south 
striking  anticline  is  removed,  leaving  the  ridge  monoclinal.** 

At  the  northern  end  of  the  range  Mr.  Howell*  noted  that  the  struc- 
ture of  the  range  is  anticlinal  at  Uiyabi  Pass,  but  from  there  to 
Pleasant  Valley  it  is  apparently  monoclinal,  only  one  limb  of  the  anti- 
cline being  exposed. 

The  Kern  Mountains,  south  of  Pleasant  Valley,  appear  to  consist 
of  an  anticlinal  fold,  with  northwest- southeast  axis  transverse  to  the 
general  trend  of  folding 

FAULTS.  • 

Mr.  Howell*  noted  a  cross  fault  running  east  and  west  about  4  or  6 
miles  north  of  Wheeler  Peak,  having  a  downthrow  to  the  south. 
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The  writer  re<50gnized  this  fault,  and  4  or  5  mileH  north  of  it  a  parallel 
fault,  which  seems  also  to  have  been  downthrown  to  the  soath. 

Mr.  Weeks^  states  that  about  10  miles  northeast  of  Osceola,  in  the 
central  part  of  the  range,  the  Cambrian  limestones  are  broken  by 
numerous  faults  which  strike  northwest  and  southeast.  The  massive 
blue  limestones  which  form  the  upper  part,  of  the  series  are  repeated 
several  times  by  small  faults  of  200  to  *3(X)  feet  throw.  The  general  dip 
of  the  Cambrian  series  is  to  the  north-northwest,  and  the  dip  of  the 
Ordovician  to  the  east-northeast.  There  appears  to  have  been  an 
upthrustof  the  Cambrian  which  has  brought  the  succ^essive  limestone 
beds  of  the  series  in  juxtaposition  with  the  Ordovician.  The  existence 
of  a  heavy  fault  between  the  Cambrian  and  Ordovician  is  clearly  seen 
in  the  southern  portion  of  the  Snake  Range. 

On  the  north  side  of  the  Kern  Mountains  a  belt  of  quartz  veins  and 
siliceous  granitic  dike  rocks,  running  northwest  along  the  base  of  the 
mountains,  appears  to  ]>e  along  a  fault  zone.  On  the  north  side  is  the 
crystalline  nearly  black  C-ambrian  limestone,  while  on  the  south  side 
come  schists  which  represent  the  top  of  the  underlying  Cambrian 
quartzite.  The  vertical  separation  of  the  fault  is  probably  at  least 
several  hundred  feet. 

ORES. 

At  Osceola,  just  north  of  Wheeler  Peak,  the  Cambrian  quartzites 
and  slat»es  carry  gold.  C/onsiderable  placer  and  some  vein  gold  has 
been  taken  from  this  district. 

On  the  east  side  of  the  range  there  are  small  mines  and  prospects 
in  a  numl)er  of  x>hices.  In  some  l(x;alities  the  coincidence  of  mineral- 
ization with  the  presence  of  a  spring  flowing  in  n  1k)x  canyon  leads  to 
the  hypothesis  that  it  was  these  same  waters  which  formerly  brought 
al)out  the  ore  deposition.  Along  the  walls  of  such  canyons,  high 
alM)ve  the  present  bed,  ancient  water  chaniu»ls  in  the  limestone  rock 
show  that  the  spring  has  existed  since  near  the  lime  when  the  erosion 
of  the  canyon  began. 

CEDAR  RANGE  AND  CLOVER  VALLEY  MOUNTAINS. 

The  Ce<lar  Range  consists  of  broad,  irregular,  often  mesa-like  hills, 
lying  south  of  the  Snake  Range  and  northeast  of  Pioclie.  Southwanl 
from  tlie  Cedar  Range,  an<l  between  it  and  the  Mormon  Range,  tjiere 
lies  to  the  east  of  Meadow  Valley  a  wide  area  of  irregular  mountains 
with  no  definite  system  of  ridges.  In  lliose  nionntaius  is  Clover 
Valley,  whence  is  takc^n  tlie  name  applied  here. 

The  Cedar  Rang(»  and  tlui  Clover  Valley  Mountains  may  be  consid- 
chmI  1og(»ther  for  purposes  of  <l(\scription.  They  have  been  partly 
mapiMMl  l)y  1h(»  Wliceler  survey/'  and  thoy  havelM'en  obscrvcMl  b}'' the 
writer  at  scvcM'al  [mints.  So  far  as  kiu)wn,  th(»y  (*on.sist  entirely  of 
lavas. 
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The  geology  of  these  mountains  has  not  been  studied  in  detail,  but 
it  is  undoubtedly  much  the  same  as  that  described  in  Meadow  Valley 
Canyon,'*  which  is  a  chasm  cut  deep  into  the  same  volcanic  series. 
By  analogy  witli  the  rocks  in  this  canyon,  we  may  suppose  that  the 
lavas  of  the  mountains  under  consideration  are  associated  with  de- 
rived sediments  and  that  these  lavas  were  ejected  at  different  periods, 
llie  rock  species  will  probably  be  found  to  be  varied,  ranging,  as 
in  Meadow  Valley  Canyon,  from  basal  rhyolite  through  andesites, 
dacites,  latites,  etc.,  to  the  youngest  rhyolite  and  oil  vine-basalt. 

ANTELOPE  RANGE. 

The  Antelope  Range  is  a  comparatively  insignificant  group,  about 
30  miles  long,  lying  just  west  of  the  northenimost  portion  of  the 
Snake  Range  (Deep  Creek  Range). 

The  central  part  of  the  range  possesses  a  topography  of  considerable 
relief,  with  an  especially  bold  face  on  the  east  side  (PI.  IV,  J9),  while  on 
the  north  and  on  the  south  ends  the  mountains  give  way  to  low  hills, 
which  finally  disappear  under  the  Pleistocene  detritus  of  the  valleys. 

SEDIMENTARY   ROCKS. 

On  the  eastern  side  of  the  rane:e,  about  3  miles  west  of  Warm 
Springs,  the  Eureka  quartzite  is  exposed  near  the  base  of  the  moun- 
tains, measuring  about  20Q  feet  in  thickness.  Above  this  come  700  to 
800  feet  of  dark-blue  (probably  Lone  Mountain)  limestone,  having  the 
characteristic  texture  of  this  formation  in  the  Eureka  district.  From 
here  to  the  crest  of  the  range  comes  limestones  (probablj'^  Devonian?) 
consisting  of  dark-blue  and  gray  alternating  bands.  From  the 
extreme  base  of  the  mountains  the  following  fossils  were  found: 
Leperditiahivki?  White  (very  poor) ;  Dahnanella  perveki?  They  are 
Ordivician  (Lower  Silurian)  species,  as  determined  by  Prof.  E.  O. 
Ulrich.  These  fossils  are  characteristic  of  the  Pogonip  horizon  at 
Eureka. 

To  the  north  of  this  locality,  along  the  eastern  face  of  the  moun- 
tains, the  strata  lower  gently,  so  that  the  probable  Lone  Mountain 
and  Nevada  formations  (ITi)per  Silurian  and  Devonian)  extend  for 
several  miles.  To  the  south  the  strata  rise  and  the  Eureka  quartzite 
passes  half  way  to  the  top  of  the  mountains,  exposing  the  underlying 
Pogonip  (Lower  Silurian)  beds. 

This  belt  of  stratified  rocks  is  cut  off  to  the  north  and  to  the  south 
by  the  volcanic  rocks  which  form  the  greater  part  of  the  range. 

IGNEOUS  ROCKS. 

Along  the  eastern  base  of  the  range,  at  the  foot  of  the  mountains 
composed  of  Paleozoic  strata,  there  is  a  belt  of  foothills  about  3  miles 
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wide  composed  of  lava.  The  same  lava  evidently  underlies  the 
detrital  deposits  in  the  whole  valley  between  the  Ant-eloi)e  Mountains 
and  the  Kem  Mountains  in  the  Snake  Range,  as  is  evidenced  by  occa- 
sional volcanic  buttes  which  project  above  the  Pleistocene  detritus. 
A  few  miles  south  of  Warm  Springs,  near  Antelope  Spring,  the  vol- 
canic rock  invades  the  stratified  rock  in  large  masses  and  soon  forms 
the  whole  of  the  mountains.  From  this  point  along  the  road  which 
leads  from  the  southern  part  of  the  Antelope  Mountains  to  Schellbourne 
and  Cherry  Creek  there  is  nothing  but  the  same  reddish  lava,  and, 
so  far  as  was  seen,  the  lava  seemed  to  extend  northwaixi  to  the  end  of 
the  range. 

Specimens  of  the  lava  collected  at  various  points  throughout  the 
southern  part  of  the  range  prove  to  be  in  general  a  pyroxene-aleutite. 
It  is  essentiallj'  the  same  rock  which  stretches  across  the  intervening 
valley  to  the  foothills  at  the  western  base  of  the  Snake  Range,  north 
of  the  Kern  Mountains.  The  same  body  of  lava  also  fills  the  whole 
valley  between  the  Antelope  Mountains  and  the  northeru  i)art  of  the 
Schell  Creek  Range,  and  extends  to  the  summit  of  this  range. 

The  lava  constituting  the  northern  part  of  the  range  has  been 
described  by  Mr.  Emmons"  as  rhyolite. 

STRUCTURE. 

Where  the  Paleozoic  rocks  are  exposed  in  the  Antelope  Range  the 
strike  is  in  general  north  and  south  and  the  dip  20""  W.  On  tlie  west- 
ern borders  of  the  Snake  Range,  directly  east  of  here,  11u»y  have  a 
general  dip  of  15''  E.  The  intervening  valley  is,  therefore,  perhaps 
anticlinal.  The  structure  of  the  stratified  rocks  of  the  Antelope 
Mountains  is  obscured  by  the  overlying  lavas. 

SCHELL  CREEK  AND  HIGHLAND  RANGES. 

The  Schell  Creek  Range  has  its  northern  end  at  the  fortieth  par- 
allel (1*1.  Ill,  B)  and  extends  from  here  southward  about  KH)  miles  to 
Patterson.  Here  a  slight  gap  separates  it  from  the  Highland  Range, 
which  is  a  direct  continuation  of  it.  The  Highland  Range  extends 
from  Patterson  southward  for  about  80  miles,  when  it  runs  into  the 
Meadow  Valley  Range,  from  which  it  is  separated  by  no  distinct  gap. 
The  Meadow  Valley  Range  will  be  described  later. 

SEDIMENTARY    ROCKS. 
CAMBRIAN. 

At  the  northern  end  of  the  Schell  Creek  Range,  in  the  vicinity  of 
Schellbcmrne,  Mr.  Emm(ms*  not^d  limestones  carrying  Cambrian  fos- 
sils and  overlying  heavy  bodies  of  Cambrian  quartzite.     Mr.  Gilbert*^ 
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noted  also  Cambrian  fossils  near  Sehellbourne  and  also  both  north 
and  south  of  it.  In  Ruby  Hill  Canyon,  about  10  miles  south  of  Sehell- 
bourne, quartzites  were  noted  at  the  eastern  base  of  the  range,  over- 
lain by  several  thousand  feet  of  limestones.  About  18  or  20  miles 
south  of  Ruby  Hill  and  a  few  miles  south  of  Piermont,  at  Whites 
Peak,  the  quartzites  have  risen  to  the  crest  of  the  range  and  together 
with  the  associated  schists  display  a  thickness  of  over  11,000  feet. 
The  strata  dip  15°  or  20°  W.,  and  the  overlying  limestone  appears  on 
the  west  flank  of  the  peak.  Southward  from  Whites  Peak  the  quartz- 
ite  gradually  sinks  again,  and  the  crest  of  the  range  is  made  up  of 
the  overlying  limestones. 

The  writer  crossed  the  Schell  Creek  Range  at  Sehellbourne  and 
found  the  eastern  side  composed  of  volcanic  rock.  A  quarter  of  a 
mile  east  of  the  summit  dark-blue  massive  limestone  begins.  Under- 
lying this  limestone,  on  the  west  side  of  the  pass,  occurs  dark-blue 
limy  shale,  containing  Cambrian  fossils,  as  determined  by  Mr.  C.  D. 
Walcott. 

This  shale  is  several  hundred  feet  thick  and  contains  a  bed  of  fine- 
grained brown- weathering  quartzite  100  feet  thick.  Simihir  fossils 
are  found  alK)ve  and  telow  the  quartzite.  Beneath  the  shale  comes  a 
well-bedded  limestone. 

In  the  west-facing  scarp  of  the  mountain,  directly  north  of  the  pass 
as  seen  from  Sehellbourne,  the  section  examined  may  be  seen  finely 
exposed.  From  stratigraphic  evidence  the  writer  would  he  inclined 
to  con-elate  the  uppermost  limestone  with  the  Hamburg  formation  of 
Eureka,  the  shales  with  the  Secret  Canyon  formation,  and  tlie  lower 
limestones  with  the  Prospect  Mountain  limestcme.  An  estimated 
section  of  the  mountains -here  is  as  follows: 

Section  near  Sehellbourne. 

Feet. 

Hamburg  limefltone _ 600 

Secret  Canyon  shale _ 600 

Prospect  Mountain  limestone 1 ,  800 

Neither  the  top  nor  the  bottom  of  the  section  was  observed. 

Alx)ut  30  miles  south  of  Whites  Peak  and  Piermont  the  writer 
crossed  the  Schell  Creek  Range  along  the  main  road  between  Ely  and 
Osceola.  On  the  east  side  of  the  summit  (which  is  not  high  at  this 
point)  limestone  carrying  abundant  Carboniferous  fossils  appears  to 
abut  against  massive  dark-blue  metamorphosed  limestone,  reticulated 
with  calcite  veins,  and  associated  with  l)eds  of  marble.  Immediate^' 
below  the  metamorphic  limestone  beds  is  a  ferruginous  and  micaceous 
slate  seam,  contorted  and  containing  veins  of  quartzite  and  calcite. 
This  limestone  and  underlying  schistose  slates  constitute  the  whole 
eastern  part  of  the  range. 

No  fossils  were  found  at  this  l>oint,  but  the  beds  are  probably  to  be 
coiTclated  with  the  Cambrian  limestones  and  underlyvw^j^  ^i.Vv^.\!^^  "^ 
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Whites  Peak,  at  Kiiby  Hill,  and  SclielllM^urne.  The  Hucoession  and 
the  general  chara<*ler  of  the  nK»k8  are  also  Himilar  to  those  of  the 
Cambrian  liinest'<)n(*s  and  shales  in  the  Highland  Kange  in  the  vicin- 
ity of  Pioche  and  in  the  Snake  Range  directly  east  of  here,  in  both  of 
which  localities  ( -ambrian  fossils  have  been  found. 

On  the  west  si<le  of  the  range,  north  of  the  locality  just  described 
and  dii'ectly  <»ast  of  Ely  in  the  Egan  Range,  the  ridge  which  flanka  the 
main  Hchell  ('reek  Range  on  the  east  has  along  its  crest  what  appears 
from  a  distance  to  1k>>  t  ho  white  Eureka  quartzile  of  the  Silurian,  dipping 
west  at  a  const^mt  angle  of  al>out  30".  Between  this  ridge  and  the 
main  range  there  is  a  parallel  depivssion  which  runs  along  the  axis  of 
an  antii^line,  for  t^)  t he  east  of  it  the  strata  have  an  easterly  dip  of  from 
20°  to  30^^.  On  the  ridg<»  itsc^lf  there  conies  in  l)elow  the  Eureka 
quartzite  strata  re>»enibling  the  thick,  conii)arativ<»ly  soft  limestones  of 
the  Pogonip  formation,  and  IxMieath  this,  in  the  bottom  of  the  vallej', 
are  exiH)sed  massive  gray  limestones,  whi<*h  aiv  iM»rha)>s  Cambrian. 
These  Cambrian  and  Silurian  i-ocksdo  not  t»xtend  south  past  the  end  of 
the  ridge  which  forms  the  western  high  limb  of  the  anticline,  but  are 
replaced  to  the  south  by  the  Devonian,  the  two  i'egi(ms  Iteing  appar- 
ently separat:Ml  by  a  heavy  eiust-west  fault. 

Mr.  Howell"  has  descrilx^l  the  r(M»ks  at  the  southern  end  of  the 
Schell  Creek  Range.  He  notes  tluit  at  Pattei'son  a  heavy  be<l  of 
quartzite  is  exposed,  dipping  alK)ut  4V  ESE.  A  few  miles  to  the 
north  this  is  coven»d  conformably  by  bluish-gray  limestone.  No  fos- 
sil r(Mnains  sutVieicMit  for  determination  were  found,  but  the  limestone 
was  correlated  on  lithologic  grounds  with  the  su[)pose(lly  Carl>onifer- 
ous  limest-on(»s  of  the  Snake  Range  and  the  Highland  Range.  Inas- 
much as  at  least  the  southern  portion  of  the  Highland  Range  consists 
of  C-ambrian  limestones,  which  were  classed  bv  Mr.  Howell  as  Carlxm- 
iferous,  but  su])s<Miuently  d(»finitely  detennined  as  Cambrian,  and 
since  the  same  Cambrian  seri(»s  occurs  in  the  Snake  Rang**,  it  seems 
likelv  that  these  rocks  mav  also  be  Cambi'iaii.'' 

At  the  north  en<l  of  the  Highland  Range,  just  st)uth  of  Pattei'son, 
Mr.  Howell  found  Carboniferous  limestone  well  chjira<*terized  bv 
fossils. 

At  Hristol,  on  the  west  sid<»  of  tin*  range,  and  about  30  miles 
south  of  Pattei^son,  Mr.  Howell  noted  (juartzite  at  the  base,  while 
the  whoh^  npp<»r  portion  was  highly  met  amorphic  iinu^stone.  This 
section,  so  far  as  it  go(»s,  accords  with  tln^  Cambrian  section  of  tbe 
southern  t^nd  of  the  range,  as  will  1m»  mentioned  latci*. 

Mr.  Walcott  '"  note<l  on  the  west(M*n  side  of  the  range,  at  the  same 
locality  as  just  mention(Ml,  the  occui-rence  of  the  Kun*ka  (jnartziti*.  It 
is  i>ossible  that   this  is  the  same  quartzite  inentiont'il  by  Mr.  Howell. 
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The  writer  passcMl  only  a  few  miles  from  Bristol,  proceeding  from 
Coyote  Spring  over  Stampede  Gap,  and  he  also  mapped  the  Silurian 
as  extending  across  the  valley  to  Bristol,  and  indicated  in  his  notes 
the  probable  occurrence  of  the  Eureka  quartzite. 

At  Stampede  Gap  the  range,  with  the  exception  of  some  very  low 
foothills  at  the  western  base,  which  will  be  referred  to  later  as  prob- 
ably Devonian  or  Silurian,  is  composed  of  about  800  feet  of  mingled 
limestone  and  slate  overlain  by  about  1,400  feet  of  massive  limestone 
containing  siliceous  be<ls.  Some  of  these  upper  limestones  carry 
indistinct  and  indeterminable  organic  remains.  A  mottled  structure, 
seeming  to  indicate  the  former  pi*esence  of  coral  remains  in  the  now 
altered  rock,  is  common,  l)eing  the  same  structure  as  observed  in  the 
Cambrian  rocks  of  the  Schell  Creek  Range,  describe<l  above  as  occur- 
ring about  .'{0  miles  south  of  Piermont.  In  the. limestones  at  lK>th 
localities  metan)or[)hism  has  caused  the  same  jM^culiar  pitte<l  api>ear- 
ance  which  results  from  the  segi*egation  of  metamorphic  minerals. 

In  the  Highland  Range,  about  4  miles  south  of  Stampede  Gap  and 
about  the  sann*  distance  southwest  from  Pioche,  the  entire  range 
api)ears  t^)  be  of  ('ambrian  strata,  and  Mr.  Walcott"  has  measured 
the  following  section: 

Section  in  Highland  Range  4  miles  nonth  of  Stanijiede  Gap. 

Feet. 

1.  Quartzite 850 

2.  Limestone  and  shales,  argillaceons  and  arenaceous 1  ♦  450 

3.  Massive  limestone. . ." 3. 000 

Total _ 4.800 

The  fossils  which  he  collecte<l  at  various  points  correlated  this  sec- 
tion with  the  C'ambrian  at  Euii^ka,  the  basal  quartzite  corresponding 
to  the  Prospect  Mountain  i^uartzite. 

In  the  Highland  Range,  south  of  Bennetts  Spring,  the  writer  has 
noted  the  probable  continuation  of  the  Cambrian  section  for  a  dis- 
tance of  5  or  6  miles  at  the  very  least,  the  section  l)eing  suVistantially 
the  same  Jis  between  Jiennetts  Spring  and  Stampede  Gap.  From  the 
eastern  base  of  the  Highland  Range  abundant  quantities  of  bro^vn 
quartzite,  probably  representing  the  basal  ( 'ambrian  quartzite  of  Mr. 
Walcott's  section,  come  down  into  the  valley  drift.  This  quartzite  is 
probably  overlain  by  the  Cambrian  limestone,  for  the  strata  appear 
horizontal  on  the  east  side  of  the  Highland  Range  throughout  prac- 
tically its  whole  length. 

At  Pioche  Mr.  Howell*  noted  400  feet  of  highly  metamorphic  blue- 
gray  limestone,  and  below  this  about  400  feet  of  shales,  which  yielded 
abundant  Cambrian  fossils.  Below  these  shales  is  an  unknown  thick- 
ness of  quartzite.  He  correlated  this  quartzite  with  the  Cambrian 
quartzites  of  the  Snake  and  Wasateh  ranges.     Mr.  Walcotf  has  also 
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studied  the  Cambrian  section  at  Pioche  and  finds  a  thickness  of  the 
basal  quartzite  of  1,200  feet  on  tlie  west  face  of  the  Ely  Range,  a  few 
miles  to  the  west  of  the  town  of  Pioche.  Mining  operations  have 
thrown  out  large  masses  of  shales  carrying  Cambrian  fossils,  which 
Mr.  Walcott*  has  described  and  correlated  with  a  bed  of  the  Ilighlaud 
Range  section.  Similar  fossils  were  also  collected  at  the  same  locality 
by  the  writer.  This  horizon  is  well  up  in  the  shaly  limestone  which 
overlies  the  basal  quartzite. 

Three  or  4  miles  southeast  of  Pio<*he,  along  the  road  to  Panaca, 
what  is  probably  the  basal  quartzite  is  slightly  exposed,  immediately 
overlain  by  the  shales.  From  these  shales  Mr.  Walcott  collected  a 
number  of  Cambrian  fossils.  The  writer  also  collected  fossils  from 
this  point. 

Sn.URIAN. 

In  the  western  face  of  the  Schell  Creek  Range,  just  east  of  Ely  in 
the  Egan  Range,  what  is  perhaps  the  Silurian  Eureka  ([uartzite 
appears,  forming  the  crest  of  a  minor  ridge,  flanking  to  the  west  the 
main  Schell  Creek  Range.  The  quartzite  dips  to  the  west  about  30'' 
and  is  underlain  by  what  apx)ears  to  be  the  Pogonip  formation.  No 
fossils  were  collected. 

The  Silurian  rocks  above  described  are  probably  cut  off  to  the  south 
by  an  east- west  fault,  for  they  are  succeeded  1)3^  Devonian  strata. 

Mr.  F.  B.  Weeks'^  found,  in  1900,  that,  about  10  miles  north  of  the 
road  leading  from  Oscteola  to  Ely,  the  Cambrian  beds  on  the  north- 
east are  separated  from  Ordovician  beds  on  the  southwest  b\'  a  heavy 
fault.  In  these  Ordovician  beds  the  following  fossils,  determined  by 
Pi'ofessor  ITlrich,  were  collected: 

Orthis  (related  to  O.  bellaniKosa). 

Dalmanella  (near  i>o'rveta). 

Dalmanella  (near  omacerata). 

Modiolodon  sp.  nndet. 

Ischyrodonta  sp.  nndet. 

Cyrtodonta  ?  sp.  nndet. 

Maclnrea  (cf.  subannnlata  Walcott). 

Gyronema  (near  semicarinatnm). 

Metoptoiha  sp.  nndet. 

EudoceraH  (1). 

Endoceras  (2). 

Leperditia  (near  fabiilites). 

Leperditella. 

Lex)erditella  (with  ventral  swelling). 

Sc'lunidtella  n.  sp.  (near  crassimsirginata). 

Aparchites  sp.  nndet. 

Olenns  ?  sp.  nndet.  ( 1 ) . 

Olenns  ?  sp.  imdet.  (2). 

Asaphns. 

Pygidium.  sp.  nndet. 
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Another  lot  was  an  follows: 

Afiaphns  (related  to  Megalaspis  belemnums  White). 

Two  species  of  trilohites  related  to  Symphysams  goldfnssi  Walcott. 

Leperditella  (related  to  L.  inflata). 

Undet.  oetracod  (?  related  to  Octonaria). 

Silurian  rocks  do  not  appear,  so  far  as  yet  observed,  until  the  neigh- 
borhood of  Bristol,  where  the  Eureka  quartzite  was  observed  by  Mr. 
Walcott.  The  writer  also  has  observed  probable  Silurian  rocks,  con- 
stituting low  hills,  which  connect  the  Highland  Range,  in  the  neigh- 
borhood of  Bristol,  with  the  irregular  ridges  lying  between  the  Egan 
and  Pahroc  ranges. 

Farther  south  Mr.  Walcott"  has  noted  the  Eureka  quartzite  on  the 
west  side  of  the  Highland  Range,  in  a  hill  north  of  the  road  leading 
from  Bennetts  Spring  to  lliko.    At  th  is  point,  fossils  are  very  abundant. 

DEVONIAN. 

At  the  western  base  of  the  Highland  Range,  at  Stampede  Gap, 
highly  fossiliferous  strata  were  observed,  probably  separated  from  the 
Cambrian  strata  which  form  the  mass  of  the  range  by  a  heavy  north- 
south  fault.  No  fossils  were  collected,  but  from  the  stratigrai)hy  it 
seems  possible  that  these  are  the  continuation  of  rocks  in  tlu^  neigh- 
borhood of  Coyote  Spring,  at  the  northern  end  of  the  Pahnxj  Range, 
just  west  from  Stampede  Gap,  which  are  Devonian. 

On  the  western  side  of  the  range,  north  of  th(*  roa<l  which  crosses 
it  between  Ely  and  Osceola,  the  writer  found  dark-blu(*  to  graj'-blue, 
often  shaly  limestone  filled  with  cal(?ite  seams.  From  ono  horizon  in 
this  limestone  he  collected  the  following  Devonian  fossils,  which  were 
determined  by  Dr.  George  H.  Girty:  Strom«itoporoi<l  coral,  Spirifer 
vidhensis^  and  Amhoci£lia  umhojiafa. 

These  Devonian  strata  are  apparently  separated  from  Silurian  and 
Cambrian  rocks  farther  north  by  an  east- west  fault. 

CARBON  I FEROUS. 

The  western  half  of  the  Schell  Creek  Range,  whore  it  was  crossed  on 
the  road  between  Ely  and  Osceola,  about  20  miles  southeast  of  Ely, 
is  chiefly  composed  of  Carboniferous  rocks.  They  consist  mostly  of 
dark-blue,  gray-blue,  and  oft-en  shaly  limestones,  with  occ^rsional 
brown  quartzite  seams.  Some  of  the  beds  are  semicrystalliue.  The 
series  throughout  is  highly  fossiliferous. 

Just  after  the  roml  entei*s  the  ranges  Upper  C-arboniferous  fossils 
were  collected.  They  wore  determined  by  Dr.  George  H.  Girty,  as 
follows:  Zaphrentis  sp..  Producing  sp.,  Spirifer  rockijmmiUmus^ 
Semirntla  sp. 
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A  mile  east  of  the  above-mentioned  locality  the  following  Upper 
Carboniferous  fossils  were  collected: 

Orbicnloidea  missonriensis. 
Prodnctus  inflatns? 
Marginifera  maricata. 
Cleiothyris  orbicularis. 
Seminnla  snbtilita. 
Rhombopora  lepidodendroides. 

All  these  Carbon  if eix)U8  rocks  dip  to  the  east  20°  or  30°,  and  appar- 
ently abut  directly  against  the  Cambrian  on  the  east. 

Near  the  northern  end  of  the  Highland  Range,  3  or  4  miles  south  of 
Patterson,  Mr.  llowell^has  noted  2,000  feet  of  limestone  containing 
well-marked  Carboniferous  fossils. 

IGNEOUS  ROCKS. 

LAVAS. 

In  the  vicinity  of  Schellbourne  the  whole  eastern  part  of  the  Schell 
Creek  Range  is  covered  by  basic  lava,  and  this  also  overflows  to  the 
western  part,  of  the  range,  covering  up  in  patches  the  stratified  Cam- 
brian rocks.  This  lava  is  in  general  a  pyroxene-aleutite.  According 
to  Mr.  Emmons,'^  the  extreme  northern  portion  of  the  range  is  entirely 
covered  by  rhyolite.  In  the  vicinity  of  Schellbourne  the  writer 
found,  underlying  the  basic  lava,  a  few  feet  of  white  biotite-rhyolite. 

On  the  western  side  of  the  Highland  Range,  5  or  (*>  miles  south  of  its 
northern  end,  Mr.  IlowelK  has  reported  lava.  Still  farther  south,  at 
Stampede  Gap,  the  writer  observed  a  small  area  of  rhyolite  in  the 
vallev  at  the  western  base  of  th(»  mountain. 

DIKES. 

Mr.  (iilberf  has  noted  in  Ruby  Hill  Canyon,  a  few  miles  south  of 
Schellbourne,  siliceous  dikes  cutting  the  Cambrian  limestones. 

STRUCTURE. 
FOLmNO. 

On  the  west  side  of  Schell  Creek  Range,  just  (^ast  of  Ely,  a  conspic- 
uous nnticline  was  observed,  trending  parallel  to  tin*  crest  of  Ihi*  main 
range.  The  axis  of  this  anticline  is  (Mfcuj)icd  by  a  valley,  and  the 
western  limb  is  marked  by  a  minor  north-south  ridge  running  from 
about  the  latitude  of  Ely  northward  to  the  neighborhood  of  Schell- 
bourne. The  rocks  exposed  in  this  anticlinal  fold  an*  probably  Silu- 
rian.    To  the  south  the  fold,  and  at  the  same  time  the  ridge  in  which 
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its  western  limb  is  exhibited,  are  apparently  cut  oft  by  an  east- west 
fault,  while  on  the  north  the  rocks  of  the  fold  pass  under  the  Pleisto- 
cene valley  detritus.  About  10  miles  south  of  the  southern  end  of 
the  minor  ridges  alx)ve  mentioned  what  appears  to  be  the  continua- 
tion of  the  same  anticlinal  fold  is  exhibited  in  tlie  foothills  on  the 
west  side  of  the  range.  Still  farther  south  the  general  strike  of  the 
rocks  changes  from  south  to  southwest,  and  this  anticlinal  fold  prob- 
ably passes  over  into  the  southern  end  of  the  Kgan  Range,  where  a 
series  of  folds  was  observed,  one  of  which  is  jwrhaps  identical  with 
it.  Farther  south  again  there  is  probably  another  synclinal  fold, 
which  also  passes  over  into  the  Egan  Range  on  account  of  its  south- 
westerly strike.  This  is  pro! )ably  followed  by  an  anticlinal  fold,  such 
as  Howell"  has  described,  at  the  extreme  southern  end  of  the  range, 
where  the  rocks  dip  east-southeast.  Still  farther  south  the  several 
folds  which  are  found  in  the  ridges  forming  the  southern  extrcMiiity 
of  the  Egan  Range  are  probably  (continuous  across  the  intervening 
valley  to  the  Highland  Range. 

The  Cambrian  rocks,  which  form  the  greater  part  of  the  eastern 
X)ortion  of  the  Schell  Creek  and  Highland  ranges,  are  also  folded. 
At  Schellbourne  the  rocks  seemed  to  the  writer  to  dip  in  general  to 
the  east,  although  the  attitude  could  not  l>e  certainly  made  out. 
Farther  south,  at  Whit(^s  Peak,  Mr.  GilbeH*  found  the  Cambrian 
rocks  dipping  to  the  west  at  an  angle  of  alx)ut  20°.  Still  farther 
south,  where  the  writer  observed  the  Cambrian  rocks  in  crossing  the 
range  between  Ely  and  Osceola,  he  found  the  folding  comx)licated 
and  the  faulting  considerable. 

In  the  Highland  Range  the  foMs  in  the  Cambrian  rocks  appear  to 
be  gentle  and  of  no  great  extent.  Thost*  that  were  observed  were 
mostly  transversf.^  to  the  range,  and  in  general  the  disposition  of  the 
horizons  did  not  vary  greatly  from  what  they  would  have  been  had 
they  been  horizontal. 

FAULTINCJ. 

Although  no  careful  examination  has  Ix^cn  made,  the  stratigraphy 
indicates  the  existence  of  important  faults  in  the  Schell  Cr(»ek  and 
Highland  ranges.  These  probably  lu»long  to  two  c*hief  systems — one 
north  and  south  and  one  east  and  west.  On  the  I'oad  which  crosses 
the  Schell  Creek  Range  between  Ely  in  the  Egan  Range  and  Osceola 
in  the  Snake  Range  the  whole  rock  series  dips  to  the  ejist.  The  east- 
em  half  of  the  range  is  composed  of  Upper  C-arboniferous  limestones 
carrying  abundant  fossils,  while  the  western  is  composed  of  metamor- 
phic  limestones  underlain  by  schistos(»  mica-slates.  The  character  of 
these  later  rocks,  together  with  the  succession,  enables  one  to  correlate 
them  with  the  Cambrian  rocks  found  in  the  same  range  just  north  of 
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here  and  also  in  the  Highland  and   Snake   ranges.      This   implies 
either  an  enormous  fault  or  a  great  erosion  gap. 

Opposite  Stampede  Gap  the  writer  crossed  the  valley  which  lies  on 
the  west  of  the  range  from  a  district  where  there  are  abundant  expo- 
sures of  fossiliferous  Devonian  and  Silurian  rocks.  At  the  western 
base  of  the  range  he  noted  in  the  foothills  fossiliferous  strata,  appar- 
ently belonging  to  the  same  series,  from  which,  however,  he  collected 
no  fossil  remains.  Proceeding  farther  west  he  found  the  whole  moun- 
tain made  up  of  altered  massive  limestones,  with  intercalated  shales 
and  schistose  slates,  which  belong  to  the  Cambrian.  A  few  miles 
north  of  Stampede  Gap,  at  Bristol,  Mr.  Walcott  found  the  Eureka 
quartzite  of  the  Silurian  at  the  western  base  of  the  mountains,  and 
the  same  formation  about  15  miles  south  of  Stampede  Gap  on  the  road 
from  Bennetts  Spring  to  Iliko.  Both  these  places  occupy  the  same 
relative  position  at  the  western  base  of  the  range.  Between  these 
Silurian  foothills  and  the  Cambrian  rocks  of  the  main  range  there 
appears  to  be  a  great  break,  bringing  about  juxtaposition  of  strata 
which  in  their  normal  stratigraphic  succession  are  separated  by  nearly 
2  miles  of  intervening  sediments.  This  is  believed  to  be  the  same 
break  as  that  previously  noted  farther  north,  and  it  may  be  either  a 
fault  or  an  erosion  gap. 

An  east-west  fault  appears  to  cut  the  range  transversely  at  a  point 
about  10  miles  southeast  of  Ely  in  the  Egan  Range.  To  the  north 
of  this  line  is  an  anticlinal  fold  whic^h  exposes  probable  Silurian  or 
Cambrian  rocks.  To  tlie  south  only  the  eastern  limb  of  tlie  fold  is 
found,  the  ridge  which  represents  the  western  limb  being  cut  off.  On 
the  south  side  the  rocks  carry  Devonian  fossils. 

About  10  miles  north  of  the  road  which  crosses  the  range  between 
Osceola  and  Ely  Mr.  F.  B.  Weeks'*  observed,  in  1000,  a  strong  north- 
west fault  marked  by  a  profound  interior  valley.  Cambrian  rocks  on 
the  northeast  side  of  the  fault  are  brought  against  Ordovician  strata 
on  the  north.     The  fault  cuts  across  the  entire  range. 

Mr.  How(^ll  '^  noted  a  probable  cross  fault  near  the  nort  h  end  of  the 
Highland  Range.  The  line  of  this  fault  is  continuous  with  a  probable 
fault  line  sketched  by  the  wriU^r  on  the  Egan  Range,  just  to  the  west. 
The  writiir  also  saw,  a  few  miles  north  of  this,  what  is  perhaps  a  par- 
allel east- west  fault,  marked  by  a  deep  transverse  valley  in  the  Egan 
Range  and  extending  across  to  the  gap  which  separates  the  Schell 
Creek  Range  from  the  Highland  Range.  The  displacement  of  these 
faults  was  not  measured,  but  is  probably  very  considerable. 

At  Pioche  there  are  a  number  of  intersecting  faults,  some  belonging 
to  a  northwest-southeast  system  and  some  to  a  northeast-southwest 
system.  The  main  fault  observed  by  the  writer  runs  through  the 
south  end  of  the  town,  in  a  northwest  direction.     It  is  Jinirked  by  a 


♦«PerH<mal  coiniuiiuifatioii  to  the  writ«M* 

^U  S  Oifog  Surv   W.  Ono  Uundredtti  Meridian.  V(»l   III,  p.  2^i 


•PUBii.1  EGAN   RANGE.  47 

deep  gulch,  and  has  the  Cambrian  qiiartzite  on  the  nortlieant  Hide  and 
the  Cambrian  Hhale  and  limestone  on  the  south.  This  fault  has  at 
least  1,000  feet  of  vertical  separation  and  may  have  much  more. 
Other  faults  are  parallel  to  this,  and  there  are  a  number  of  northeast- 
southwest  cross  faults  with  considerable  displacement.  The  effect  of 
these  is  to  cause  a  certain  degree  of  checkering  of  quartzite  and  lime- 
stone. The  northeast  gulch  in  which  Pioche  lies  seems  to  marie  one 
of  these  faults.^ 

EQAN  RANGE. 

The  Egan  Range  is  the  next  importiiiit  range  west  of  the  Schell  Creek 
and  Highland  ranges.  Its  north  end  lies  just  north  of  the  fortieth 
parallel  and  is  included  in  the  maps  of  the  Fortieth  Parallel  Survey. 
It  extends  due  southward  nearly  150  miles. 

TOPOGRAPHY. 

t  Throughout  nearly  its  whole  course  the  Kgan  Range  <H)nsists  of  a 
single  well-defined  central  ridge,  from  which  tin*  slopes  to  the  valley 
on  both  sides  are  comparatively  steep.  In  the  neighborhood  of  Elj' 
the  ridges  are  slightly  broken  up,  but  this  is  apparently  due  largely 
to  the  presence  of  igneous  rocks.  At  the  extreme  south  end,  also,  the 
main  range  splits  up  into  several  low  ridges. 

The  range  is  cut  through  at  intervals  by  transverse  valleys  connect- 
ing the  valleys  on  either  side  of  the  range  and  very  little  liigher  than 
they.  Such  valleys  ai-e  found  at  Egan  Canyon  and  at  Ely.  N(^ar  the 
southern  end  of  the  range  there  are  other  deep  transverse  gaps, 
which,  however,  do  not  cut  clear  down  to  the  level  of  the  valleys. 

ARCHEAN   ROCKS. 

Mr.  S.  F.  Emmons*  has  described  the  rocks  in  an  outlying  ridge  on 
the  east  side  of  the  range,  just  south  of  the  eastern  end  of  Egan 
Canyon.  Here  the  lowest  formation  exposed  is  a  mica-granite,  which 
is  overlain  by  ([uartzites  an<l  quartzitie  schists  referred  to  the  C-am- 
brian.     The  granite  is  ivferrod  to  the  Archean. 

SEDIMKNTARV   ROCKS. 
t'AMBRIAN. 

As  above  noted,  Mr.  Emmons  found  overlying  the  graniti*  at  th(^ 
eastern  end  of  Egan  Canyon  several  thousand  feet  of  (juartzites  and 
quartzitic  schists,  together  with  a  5()-foot  bed  of  argillite.  These 
quartzites  are  overlain  by  limestones. 

The  same  locality  was  observed  by  the  writer  from  a  distance,  and 
on  account  of  the  stratigraphy  was  referred  with  little  hesitation  to 


«  These  obmryations  are  in  a<*cnr<laiico  with  those  previoiwly  niado  hy  Mr.  Howoll  ( U.  S.  Gvi)g. 
Surv.  W.  One  Hnndreth  Mor.,  Vt»l.  in,  pp.  257-3U1),  as  the  writer  di«coyerod  since  writing  the 
above. 
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the  Cambrian.  The  rocks  were  not  visited,  but  at  the  base  are  heavy 
beds  dipping  to  the  west  at  an  angle  of  about  30''  and  striking  north 
and  south.  These  massive  beds  resemble  the  Cambrian  quartzite 
and  limestone,  while  above  them  come  more  easily  eroded  limestones, 
which  correspond  in  thickness  and  position  to  the  Silurian  Pogonip 
formation.  Above  the  Pogonip  on  the  east  face  of  the  main  ridge 
(which  is  separated  from  the  spur  above  mentioned  by  a  trough  of 
erosion)  is  exjwsed  the  Eureka  quartzite,  which  is  traceable  along 
the  range  for  several  miles  northward.  The  identification  of  this 
Silurian  makes  the  reference  of  the  easterly  rocks  of  the  outlying 
spur  to  the  Cambrian  safe. 

Mr.  F.  B.  Weeks'*  reports  that  in  the  summit  of  the  range,  about 
10  to  12  miles  south  of  Egan  Cany<m,  the  following  Upper  Cambrian 
fossils,  determined  by  Mr.  Walcott,  were  collected: 

Obolua  (Lingiilella)  discoidensis  H.  &  W. 
Obolus  (Lingnlella)  mauticulns  White. 
Obolns  (Lingnlella)  punctattis  Walcott. 
Ophileta? 
Ag^octttiA,  2  sp. 
Ptychoparia,  2  sp. 

Along  the  southern  part  of  the  Egan  Range  tlie  west  face,  which 
confronts  the  southern  part  of  Sierra  Valley,  exposes  some  nmgnificent 
secticms  of  strata.  These  aM)  were  not  visited  any  farther  north  than 
the  vicinity  of  Adams's  ranch  on  White  River,  near  which  point  they 
were  found  to  be  Devonian.  Farther  north,  however,  a  thick  section 
of  rocks,  striking  northeast  and  dipping  southeast  at  an  average 
angle  of  30",  was  exposed,  and  the  circumstance  that  the  strike  is 
diagonal  to  the  north-south  face  of  the  range  brings  it  about  that 
progressively  lower  beds  are  exposed  going  north.  About  2  miles 
north  of  the  vicinity  of  Butterfield  Spring  what  was  taken  to  be 
Eureka  ([uartzite  was  seen  at  a  distance;  below  this  occurs  a  great 
thickness  of  more  easily  ermled  limestones,  whi(*h  wen^  referred  to  the 
Pogonip  formation;  and  beneath  these  again  massive  limestones, 
which  perhaps  represent  the  Upper  C'ambrian.  Only  a  comparatively 
slight  thickness  of  the  latter  limestones  is  exposed,  when  the  dip  of 
the  section  is  reversed  and  becomes  northwest,  so  that  the  section 
begins  to  ascend  toward  the  north. 

Sn.URIAN. 

Mr.  Emmons*  uoUmI  the  finding  of  Silurian  fossils  in  the  limestone 
in  the  neighborhood  of  Egan  Canyon.  The  writer,  who  crossed  the 
range  at  this  ix)int  from  Cherry  C'reek  westerly,  did  not  succeed  in 
finding  any  good  fossils,  but  identified  the  formations  on  lithologie 
and  stratigraphic  grounds  as  notably  belonginjj:  to  the   Pogonip,  the 

«»P«'rs<)iml  ('ommuuiration  to  tin*  writor. 
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Eureka,  and  the  Lone  Mountain  formatioiiH  of  the  Silurian  as  exhib- 
ited in  the  Eureka  section.  In  the  easterly  spur  of  the  mountains 
just  south  of  Egan  Canyon,  as  above  noted,  the  whole  thickness  of  the 
Pogonip  strata  is  exposed,  occupying  a  valley  of  erosion  between  this 
spur  and  the  main  ridge.  On  the  easterly'  face  of  the  main  ridge  the 
Eureka  quartzite  is  exposed,  and  may  l)e  tniceil  across  Cherry  Creek 
and  still  farther  north.  Above  the  (luartzite,  in  ascending  from 
Cherry  Creek  westerly,  dark-blue  crystalline  limestones,  similar  lith- 
ologieally  to  the  Lone  Mountain  limestones  of  Eui-eka,  and  carrying 
indistinct  fossils,  were  observed. 

The  probable  exjxwure  of  the  Eureka  quartzite  on  the  western  face 
of  the  range,  near  its  southern  end,  has  already  been  noted  in  con- 
nection with  the  probable  Cambrian  exposures.  It  is  probable  that 
along  here  not  only  the  Eureka  quartzite,  but  the  whole  Silurian  sec- 
tion, is  exposed. 

Crossing  the  separates  low  ridges  which  constitute  the  connection 
between  the  southern  end  of  tin*  Egan  Range  and  the  Pahroc  Range, 
what  is  almost  certainly  the  Eureka  quartzite  was  found  about  25 
miles  northwest  of  Pioche.  Here  was  found  a  white  vitreous  quartz- 
ite, rather  coarse  grained  and  upward  of  KX)  feet  thick,  alK)ve  which 
lie  dark-gray,  comparatively  thin  fetid  crystalline  limest^nies,  with 
the  fossils  too  much  altere<l  to  be  recognizable.  This  is  perhaps  tlie 
Lone  Mountain  limestone.  These  Silurian  rocks  are  exposed  only 
along  the  eroded  axis  of  an  east- west  anticline,  and  to  the  north 
and  south  are  overlying  ro(?ks  from  which  Devonian  fossils  were  col- 
lected. The  general  structure  of  the  ])eds  iit  this  point  makes  it 
probable  that  a  little  farther  northeast  a  greater  thickness  of  Silurian 
rocks  is  exposcnl,  in  the  valley  midway  between  this  point  and  the 
Highland  Range. 

DEVONIAN. 

The  western  face  of  the  Egan  Range  about  S  or  10  miles  north  of 
Cherry  Creek  is  composed  of  stratified  rocks  dipping  very  gently 
northwest.  These  stratified  rocks  are  limestones  whose  api^arance 
suggests  the  Nevada  formation  of  the  Devonian.  A  short  distance  north 
of  these,  also  on  the  west  face  of  the  rang(»,  black,  shaly,  fetid  lime- 
stones carrying  Upper  Carboniferous  fossils  were  obtained,  wiiile 
south  of  the  suppos(»d  Devonian  rocks,  in  the  neighborhood  of  Cherry 
Creek,  there  are  expose<l  Silurian  fornmtions,  as  already  mentioned.  It 
is  more  than  probable,  therefore,  that  the  intervening  rocks  are  really 
Devonian.     Mr.  Emmons  has  made  the  same  suggestion." 

In  the  canyon  which  cuts  through  the  range  at  Ely  limestones  carry- 
ing Lower  Carb<miferous  fossils  wen»  found.  In  these  limestones  are 
siliceous  beds  which  may  perhaps  represent  the  Diamond  Peak 
quartzite  of  the   Eureka   section,   beneath    which    there  is  a  slight 
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exposure  of  shaly  limestone  which  may  represent  the  White  Pine 
formation.  No  fossils,  however,  were  procured  from  these  beds,  and 
their  identification  as  Devonian  is  only  provisional. 

At  the  northern  end  of  the  curving  spur  which  joins  the  main  range 
near  this  point  (PL  V,  A)y  where  it  passes  under  andesitic  flows  just 
south  of  Summit  stage  station  CyaihophyUum  sp.  was  found,  and  was 
referred  to  the  Devonian  by  Dr.  George  H.  Girty. 

.This  Devonian  area,  however,  is  small,  since  at  a  distance  of  2  miles 
farther  south  similar  limestones  carrying  Carboniferous  fossils  were 
found. 

Devonian  rocks  make  up  nearly  the  whole  of  the  series  of  low  ridges 
which  constitute  the  extreme  southern  end  of  the  Egan  Range,  so  far 
as  these  rocks  were  examined  by  the  writer  in  crossing  diagonally  from 
northwest  to  southeast.  In  crossing  the  pass  which  cuts  through 
the  western  and  main  ridge  of  these  mountains,  about  10  miles  due 
southeast  from  Adams's  ranch,  comparatively  thin-bedded  fetid  lime- 
stones were  found  folded  into  a  syncline  striking  diagonally  to  the 
trend  of  the  pass,  and  carrying  the  following  Devonian  fossils^  as 
determined  by  Dr.  George  II.  Girty: 

Amphipora?  sp. 
Cladopora?  sp. 
Stromatoporoid  coral. 
Chonetes  macrostriatns. 
Spirifer  utahensis. 

The  corals  obtained  hei'e  make  up  the  greater  bulk  of  the  rock, 
whicli  appears,  therefore,  to  have  l>een  a  Paleozoic  coral  reef.  Both 
the  fossils  and  the  nature  of  the  inclosing  rocks  are  identical  with 
the  fossils  and  rocks  found  in  the  Goklen  Gate  Range,  directly  west 
of  heix^  and  about  15  miles  distant. 

Following  the  road  from  here  southeastward  to  Pioche,  Devonian 
fossils  were  again  obtained  about  12  miles  south  of  the  first  locality, 
as  follows : 

Amphipora?  sp. 
Stromatoporoid  corals. 
Spirifer  maia  (small  variety). 

Again  about  G  miles  farther  southeast  the  following  Devonian  fos- 
sils were  collected : 

Fucoid. 

Prodnctella  subaciileata. 
Rhi])idouiella  sp. 
Spirifer  disjiinctus. 
Spirifer  utahensis. 
Spirifer  strigostis? 
Ambocoelia  nmbonata. 
Camarotcechia  8ai)pho. 
M(Mliomoq)ha  obtusii  ? 
GrHintnysm  uiinor'.^ 
Loxonema?  sp. 
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The  stmcture  of  the  surrounding  ridges  makes  it  probable  that  most 
of  them  are  Devonian. 

CARBONIFEROUS. 

In  the  extreme  northern  end  of  the  Egan  Range  Mr.  Emmons*  col- 
lected probable  Carboniferous  fossils.  On  the  western  front,  about 
12  miles  north  of  Cherry  Creek,  the  following  fossils  were  collected  by 
the  writer  and  identified  by  Dr.  Girty : 

Orbicnloidea  missoariensis? 
Marginifera  splendens? 
ProdQctns  n.  sp. 
Spirorbissp. 
Euomphaliis  catilloldes. 

Between  Egan  Canyon  and  Ely  it  is  j)robHble  that  the  Carboniferous 
rocks  cover  a  considerable  area.  Noar  Ely,  Carboniferous  limestones 
are  abundantly  exposed.  About  2  miles  south  of  Summit  Springs, 
on  the  road  between  Ely  and  Hamilton,  massive  semicrystalline  lime- 
stones are  found  which  carry  a  probably  Upper  Carboniferous  fossil 
that  was  determined  by  Dr.  Girty  as  Zaphrentis  sp. 

About  6  miles  east  of  here,  on  the  east  side  of  the  narrow  valley 
separating  the  minor  ridge,  in  wJiich  the  above  fossil  was  obtained, 
from  the  main  range,  were  collected  the  following  Upper  Carbonifer- 
ous fossils: 

Seminnla  Bubtilita? 
Liithofitrotion?  sp. 
Fnstiliiia  cylindrica. 

Two  miles  soutlieast  of  the  last-named  locality,  near  the  western 
entrance  of  the  canyon  which  cuts  through  the  range  at  Ely,  dark- 
gray  carbonaceous  fetid  limestones  were  found  which  carry  the  fol- 
lowing Lower  Carboniferous  fossils: 

Zaphrentis  sp. 
Orthothetes  inaequalis. 
Rhipidomella  michelini. 
ProdnctuB  semireticulatus  var. 
Prodnctus  n.  sp. 
Spirifer  centronatUH. 
Straparollus  Inxns. 
ProBtns  peroccidens. 

The  black  shaly  limestone  which  carries  the  Lower  Carboniferous 
fauna  at  the  last-named  locality  passes  into  a  lx3lt  of  red,  yellow,  and 
orange  weathering  shales,  with  occasional  l>eds  of  gray,  shaly  lime- 
stone. The  thickness  of  these  shales  is  estimated  at  from  800  to 
1,000  feet.  Farther  east  in  the  canyon  beds  of  cherty  and  siliceous 
limestones  also  occur  in  this  same  series.  It  is  probable  that  the  low- 
est of  these  shaly  beds  are  Devonian,  but  to  the  south  of  Ely,  above 
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the  shales,  the  more  massive  limestone  come8  in  above  again  and 
extends  for  5  or  6  miles  at  least,  striking  east  and  west  and  dipping 
gently  south. 

On  the  southeastern  slope  of  Hamels  Peak,  some  miles  south  of  Ely, 
the  fossils  named  below  were  collected  by  Mr.  F.  B.  Weeks,**  and  were 
determined  by  Dr.  Girty.  Regarding  this  collection,  Mr.  Girty  states 
'^The  fauna  has  a  similar  facies  to  that  of  the  Marion  formation  of 
the  Kansas  section,  which  Prosser  regards  as  a  true  Permian  fauna, 
and  it  probably  can  be  safely  correlated  with  the  Marion." 

Productus  sp. 
Nncnlana  cf .  obesa. 
Plenrophorus  ?  sp. 
Schizodns  ?  sp. 
Straparollos  catiUoides. 
Plenrotomaria  hnmerosa  ? 
Bnlimorpha  peracnta. 
Murchisonia,  near  marconiana. 
Naticopsis  ventricosa  ? 
Bellerophon  sp. 
Domatoceras  ?  sp. 
Ostracoda. 
Bakewellia  parva. 

IGNEOUS  ROCKS. 

LAVAS. 

On  the  west  side  of  the  Egan  Range,  just  north  of  Egan  Canyon,  a 
series  of  low  hills  are  composed  of  basalt.  One  of  these  hills  has  a 
conical  shape  practically  unmodified,  and,  from  the  circumstance  of 
this  slight  erosion,  the  age  of  the  lava  must  be  very  recent. 

Farther  south,  also  on  the  west  side  of  the  range,  is  a  considerable 
mass  of  volcanic  rock  which  has  filled  up  the  valley  between  the 
southern  end  of  the  Long  Valley  Range  and  the  Egan  Range  north 
of  Ely.  This  is,  in  general,  a  dacite-andesite  and  lias  been  deeply 
eroded,  indicating  greater  age  for  it  than  for  the  basalt. 

At  the  southern  end  of  the  range,  in  the  separate  low  ridges  which 
form  the  connection  of  this  range  with  the  Pahroc  Range,  there  are 
large  areas  of  quartz-latite  which  seem  to  be  continuous  with  similar 
lavas  occurring  in  the  northern  end  of  the  Golden  Gate  Range  and 
on  the  easterly  side  of  the  Grant  Range  in  the  same  latitude.  As  in 
the  other  cases  described,  it  is  plain  that  these  outflows  occurred 
subsequent  to  the  formation  of  the  deep  valleys  between  the  limestone 
ridges,  for  the  volcanic  rock  either  fills  up  such  valleys  or  has  been 
poured  into  them  without  quite  filling  them  up  and  now  forms  their 
floor.  Nevertheless,  this  volcanic  rock  is  also  deeply  eroded,  and 
therefore  its  age  is  not  recent.  It  may  be  considered  as  ver}^  late 
Tertiary  or  early  Pleistocene. 


«  Personal  commuicatiou  ti>  V^i^a  wviVet. 


8PURB.3  £GAK   &ANGE  58 

DIKES. 

At  the  western  entrance  of  the  canyon  which  cuts  through  the  range 
at  Ely  a  dike  of  hornblende- tonalite-porphyry  was  noted.  Farther 
east  in  the  canyon  occur  a  number  of  other  siliceous  dikes.  These 
dikes  probably  connect  with  a  larger  body  farther  south,  which  seems 
to  form  the  crest  of  the  range  in  the  vicinity  of  Howells  Peak. 

Just  west  of  the  town  of  Cherry  Creek  occur  a  number  of  dikes 
which  are  apparently  connected  with  a  larger  igneous  Inxly  a  little 
farther  north.  Specimens  of  these  dikes  show  them  to  be  chiefly 
quartz-monzonites. 

STRUCTURE. 
FOLDING. 

The  extreme  northern  end  of  the  range  is  said  by  Mr.  Emmons^  to 
present  an  anticlinal  fold  striking  northeasterly,  and  so  diverging 
from  the  general  trend  of  the  mountains.  Farther  south,  but  still 
north  of  Egan  Canyon,  the  general  structure  is  plainly  synclinal, 
and  has  the  same  northeasterly  trend.  This  syncline  must  succeed 
the  anticline  to  the  southeast.  In  the  vicinity  of  Egan  Canyon,  on  the 
eastern  side  of  the  range,  the  strata  on  the  eastern  limb  of  this  syn- 
cline dip  to  the  west  at  angles  of  from  30°  to  45°,  which  gradually 
grow  less  to  the  west  until,  at  a  point  about  8  or  10  miles  north  of 
Cherry  Ci*eek,  and  on  the  west  side  of  the  range,  easterly  dipping 
strata  constituting  the  other  side  of  the  syncline  are  found. 

Between  the  Cambrian  rocks  on  the  ejistern  side  of  Egan  Canyon 
and  the  same  formations  on  the  west  face  of  the  Schell  Creek  Range, 
only  a  few  miles  to  the  east,  there  is  probably  an  anticlinal  fold 
occupying  Steptoe  Valley. 

From  Egan  Canyon  soutli  the  Egan  Range  may  be  seen  to  consist 
of  stratified  rocks  as  far  as  Ely,  but  the  general  northeasterly  trend 
of  the  beds  at  Egan  Canyon  changes  to  a  northwesterly  one  in  the 
mountains  north  of  Hercules  (Tate,  almut  10  miles  north  of  Ely.  The 
general  structure  of  the  mountains  at  this  point  seems  to  be  synclinal, 
the  western  limb  of  the  fold  l)eiiig  exposed  in  the  Devonian  limestone 
lying  just  south  of  Summit  stage  station  on  the  road  between  Ely  and 
Hamilton.     These  limestones  dip  to  the  east  at  an  anglt^  of  20°. 

From  Ely  south  for  a  number  of  miles  the  strata  are  not  conspicu- 
ously folded,  but  dip  gently  in  various  directions,  chiefly  to  the  south. 
The  whole  southern  end  of  the  range,  however,  from  a  point  about  10 
or  16  miles  south  of  Ely  as  far  as  the  point  where  the  main  range 
begins  to  split  up  into  several,  shows  beds  which  strike  uniformly 
northeast,  at  an  angle  with  the  general  north-south  trend  of  the 
mountains.  The  farther  south  one  goes  the  more  easterly  becomes 
the  strike  of  the  strata,  until,  in  tlu^  series  of  low  ridges  at  the  south- 
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em  end  of  the  range,  it  swings  around  to  east- west  and  then  to  south- 
east, and  so  runs  into  the  Pahroc  Range,  where  it  becomes  due  north 
and  south. 

In  this  southern  part  of  the  range  many  parallel  open  folds  are 
exposed.  On  the  west  face,  about  30  miles  north  of  Adams's  ranch,  in 
Sierra  Valley,  the  axis  of  a  broad  syncline  may  be  traced,  with  the 
rocks  on  both  sides  dipping  from  10°  to  30°.  This  is  followed  to  the 
south  b}'  a  slight  anticline  and  this  by  a  broad  syncline,  whose  axis 
cuts  the  mountains  about  10  miles  southeast  of  Adams's  ranch,  at 
the  pass  through  which  runs  the  road  to  Pioche.  South  of  here  the 
succeeding  anticlines  and  sj^nclines  are  frequent  and  regular.  Since 
their  strike  is  transverse  in  general  to  the  trend  of  the  ridges  and 
since  different  ridges  are  composed  of  the  same  rocks,  the  folds  may 
be  traced  from  one  to  the  other  for  long  distances.  Thus,  south  of 
the  synclinal  fold  above  described  a  broad  anticline  was  observed, 
which  comprises  the  rocks  for  a  distance  of  about  10  miles  to  the 
south  and  which  has  in  general  an  east-west  trend.  South  of  this 
a  comparatively  narrow  syncline  exists,  and  south  of  this  again  an 
anticlinal  fold,  which  after  swinging  fmm  an  east- west  to  a  south- 
easterly direction,  appears  to  change  still  more,  Mil  it  enters  the 
PaJiroc  Range  with  a  north-south  trend  and  constitutes  the  chief  fold 
of  these  mountains. 

In  general,  therefore,  the  Egan  Range  consists  of  open  and  sym- 
metrical anticlines  and  synclines,  with  the  rocks  rarely  dipping  more 
than  30°.  In  general  these  folds  trend  more  easterly  than  the  general 
trend  of  the  mountains,  and  thus  a  number  of  succeeding  folds  are 
exposed. 

FAULTING. 

In  the  southern  part  of  the  range  several  deep  transverse  valleys 
suggest  fault  lines,  but  the  examination  was  too  hasty  t^  be  sure  of 
their  existence. 

ORES. 

At  Mineral  City,  just  west  of  Ely,  lead,  silver,  and  gold,  with  some 
copper,  are  obtained.  At  this  locality  a  number  of  siliceous  dikes  cut 
up  through  the  limestone,  and  seem  to  be  connected  with  the  miner- 
alization. In  the  neighborhood  of  Ely  there  are  considerable  ore 
deposits.  At  Cherry  Creek  also  the  dikes  have  perhaps  brought  about 
the  deposition  of  the  minerals.  Some  of  the  ore  deposits  here  run 
comparatively  high  in  gold  and  silver. 

LONG  VALLEY  RANGE. 

Long  Valley  Range  consists  of  low  limestone  mountains.     Its  south- 
ern end,  just  east  of  Ilamiltcm,  is  united  with  the  White  Pine  Range 
by  a  series  of  connecting  north-south  parallel  ridges.     On  the  north 
it  extends  up  into  the  area  of  the  Fortieth  Parallel  surveys,  where  it 
is  reprosented  ifn' a  series  of  detaehed  low  UmeHtoue  mountains  and 
Anally  dies  oat  in  the  vallev. 
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TOPOGRAPHY. 

The  Long  Valley  Range  consists  in  general  of  a  single  main  ridge, 
on  both  sides  of  which  the  ascent  from  the  base  is  comparatively 
gentle.  The  interrupted  form  of  the  northern  end  of  the  range, 
resulting  in  detached  clumps  of  hills,  has  probably  l>een  brought 
about  by  erosion,  which  has  cut  deep  into  the  ridge  and  formeil  val- 
leys which  were  afterwards  filled  up  with  detrital  material,  on  a  level 
with  that  of  the  main  valleys  between  the  ranges.  On  the  oaist<*rn 
side  of  the  south  end  of  the  range  a  great  flood  of  andesitie  lava  has 
filled  a  former  valley  to  a  height  equal  in  general  to  that  of  th(»  jire- 
existing  ridges. 

This  andesite  itself  has  been  considerably  eroiled.  The  valleys 
which  have  l>een  cut  in  it,  IxMng  j-ounger  than  the  main  valley  into 
which  the  lava  was  i>oured,  are  instructive  as  to  the  mannc»r  of  the 
formation  of  desert  valleys  in  general  and  their  filling  up  with  detrital 
accumulations.  Each  of  these  narrow  valleys  in  the  lava,  often  only 
a  few  hundred  feet  wide,  presents  in  a  small  way  all  the  character- 
istics of  the  larger  valleys  which  sei>arate  the  ranges.  In  thc^  middle 
is  a  flat  sage-brush  plain,  and  on  the  sides  long  gentle  slopes  of  wash 
proceed  from  the  gullies  which  cut  up  the  adjoining  ridges.  In  these 
deposits  of  the  smaller  valleys,  as  in  those  of  the  larger  valley,  there 
is  no  trace  of  deposition  in  the  presence  of  water,  but  the  valleys 
have  filled  up  evenly  and  smoothly  with  dry  material,  distributed 
perhaps  in  part  by  rivulets  and  by  wind  storms. 

SEDIMENTARY    ROCKS. 
CARBONIFEROUS. 

At  the  south  end  of  the  rang(»  a  section  was  followed  along  a  portion 
of  the  road  between  Hamilton  and  Ely.  The  rock  here  is  a  limestone, 
often  cherty  or  aphanitic.  Under  the  microscoi>e  the  chert  shows 
cross  sections  of  organic  forms.  The  west(M*n  edge  of  the  section 
yielded  the  following  Upper  Carboniferous  fossils,  whi<*h  were  <h*ter- 
mined  by  Dr.  Crirty: 

Marginifera  iniiricata? 
Productus  pratteniinins. 
Prodnctns  inflatiis? 

Farther  east  tlu^  following  Upp(»r  CarlMiniferons  fossils  w<»re  col- 
lected from  the  same  lim(*stone  at  a  horizon  sev(»ral  hundred  feet 
higher  than  the  above : 

Fene«tella?  sp. 
Campophyllmn  toniuiiim? 
Productus  i)ratteniann8. 
Fusnlina  cylindrica. 
Rhombopora  lepidodeudnridea. 
Fi8tuliix)ra?  sp. 
Prodnctns  semireticnlatus. 
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Only  at>out  1,000  feet  of  strata  are  exposed  in  this  section,  owinp:  to 
the  low  dip  of  the  rocks. 

On  the  north  end  of  the  range  the  separated  .groups  of  low  moun- 
tains above  mentioned  appear  to  be  almost  entirely  composed  of  Car- 
boniferous limestone.  They  are  so  shown  on  the  maps  of  the 
Fortieth  Parallel  Survey.  The  writer  collected  two  lots  of  Upper 
Carboniferous  fossils  at  the  northern  end  of  the  limestone  mountain 
which  lies  just  east  of  Franklin  Lake  and  the  northern  end  of  Ruby 
Lake.  This  is  practically  the  northern  terminus  of  the  Long  Valley 
Range,  although  in  the  Fortieth  Parallel  maps  it  is  given  under  the 
head  of  the  Ruby  Group  of  Mountains. 

According  to  Dr.  Girty's  determination,  the  fii'st  localitj-  yielded 
Marginifera  splendens  ? 

The  second  locality  afforded  the  following: 

Chonetes  flemingi. 
Productns  snbhorridns. 
Productus  mnltistriatns. 
Spirifer  cameratus? 
Spiriferina  pulchra. 
Seminnla  mira.. 

South  of  the  lava  area  which  fills  the  valley  between  the  Long  Val- 
ley Range  and  the  Egan  Range,  on  the  road  from  Hamilton  to  Ely, 
there  is  a  narrow  spur  of  mountains  running  from  the  neighborhood 
of  Summit  stage  station  to  the  Egan  Range,  south  of  Ely.  This  may 
be  considered  as  an  outlying  spur  of  the  Egan  Range,  but  yet  may 
extend  l)eneath  the  lava  and  so  form  a  connection  with  the  Long 
Valley  Range.  From  the  rocks  of  this  spur  at  a  point  just  south  of 
Summit  station  a  Devonian  coral  was  obtained.  Farther  south  in  the 
same  ridge  are  Carboniferous  fossils,  as  described  under  the  head  of 
the  Egan  Range  (see  p.  51). 

IGNEOUS   ROCKS. 
LAVAS. 

The  great  mass  of  lava  which  flanks  the  eastern  side  of  th ^  Long 
Valley  Range  proper  at  its  lower  end  has  already  been  mentioned. 
The  extent  of  this  patch  of  lava  to  the  north  is  uncertain,  but  prob- 
ably is  not  more  than  10  or  15  miles.  To  the  south  it  passes  under 
the  Pleistocene  accumulations  of  Sierra  ^^alley,  while  to  the  east 
and  to  the  west  it  abuts  against  the  limestones  of  the  Ej^au  and  the 
Long  Valley  ranges.  As  noted  above,  this  lava  has  bcnm  considerably 
eroded.  Thin  sections  of  the  rock  show  it  to  b(»  in  general  a  diicite- 
andesite,  the  prevalent  type  l)eing  a  dacite  containin^j:  augite,  biotite, 
and  hornblende. 

STRUCTURE. 
FOLDIN(4. 

A  section  taken  at  iho  southern  eiul  of  the  rauo;o  shows  a  inono- 
olinal  structure  for  the  main  ridge,     lu  Yea\\V\\\w\\^^\^T^\\\\^  \>^\>\^ 
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east  Bide  of  an  anticline  whoRe  axis  lies  in  a  narrow  valley  t^  the  west 
of  the  main  ridge  and  whose  easterly  limb  is  exposed  in  the  next  ridge 
to  the  west  (see  fig.  1,  p.  OG). 

The  spur  of  Devonian-Carboniferous  rocks  described  on  page  56  is 
separated  from  the  main  ridge  by  Pleistocene  dei>osit>s  and  by  lava, 
and  the  structural  connection  is  not  shown,  but  in  itself  it  exhibits  a 
series  of  somewhat  closely  compressed  regular  open  folds  with  north- 
south  strike,  changing  to  a  northwest-southeast  strike  as  the  spur 
approaches  the  £gan  Range.  In  this  minor  ridge  there  is  exposed, 
beginning  with  the  most  westerly  fold,  an  anticline,  a  syncline,  a  sec- 
ond anticline,  and  a  secMmd  syncline 

For  the  main  ridge  of  the  Long  Valley  Range  the  general  strike  is 
seen  to  be  parallel  to  the  general  trend  of  the  mountains;  that  is,  a 
little  east  of  north.  At  the  north  end  of  th(^  range,  at  the  fossil  local- 
ities, a  slight  syncline  with  a  general  north-south  strike  was  observed 
in  the  Carlxmiferous  linu^stone. 

GOLDEN  GATE  RANGE. 

Tlie  Golden  Gate  Range  scarcely  <leserves  a  separate  name,  on 
account  of.  it«  comiwirative  insignificance.  This  name  is  api>lied  to 
a  c^nnecte<l  series  of  low  mountains  which  lies  to  the  east  of  the 
Grant  Range,  and  proxH*rly  has  a  north-south  extent  of  not  more  than 
25  miles,  with  an  average  width  of  3  or  4  miles.  On  tlu»  south  the 
Golden  Gate  Range  is  connected  by  low  hills  with  the  northern  exten- 
sion of  the  Iliko  Range,  while  on  the  north  the  range  dies  away  into 
the  Sierra  Valley.  Twentv-live  miles  north  of  the  north  end  of  the 
range  theiv  is  a  chain  of  low  hills  running  north  and  south  and  lying 
midway  l)etween  the  White  Pine  Range  and  the  Kgan  Range.  The^e 
hills  might  perhaps  be  considered  as  the  nortluM-n  continuation  of  the 
Golden  Gate  Range,  the  intervening  portion  lH*ing  covered  up  by  the 
Pleistocene  accumulations  of  Sierra  Valley. 

TOPOGRAPHY. 

The  mountains  whi('h  make  up  the  GoMen  Gate  Range  are  entirely 
detached  from  one  another,  an<l  an»  separated  by  narrow  stretches 
of  PleistoceiK*  valley  deposits,  on  a  genc^ral  level  with  the  valleys  on 
both  sides  of  the  range.  The  separate  groups  arc*  soniet  im(»s  (Mim posed 
of  stratified  rocks  an<l  soinc^tiinc^s  of  lava.  The  hills  of  st  rat  i tied  ro(»k 
are  scarped  along  the*  axes  of  anti(*linal  folds.  They  are  thc^refore 
HC*ari)ed  on  lK)th  si<les  when  tli(\v  are  synclinal,  while  when  they  are 
anticlinal  they  have  in  general  smooth  sides  with  a  sharp  downcutting 
in  the  center.  The  groups  whi(»h  are  composed  of  volcanic  rocks  have 
naturally  a  milder  and  more  uniform  topography. 

SEDIMENTARY   ROCKS. 
SnX'RIAN. 

An  isolated  butte  at  the  northern  end  of  the  Goldeu  Gate  Raw^e., 
not  veiy  far  from  Adams's  ranch  (^u^V\V\W\UveY^V'^.v^'!^^^^\\N^^^ 'v^^^s^:^- 
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esting  section  of  Silurian  rocks.  Th^  beds  here  strike  N.  35°  W.  and 
dip  30°  NE.  At  the  base  of  the  section  is  300  feet  of  thin-bedded, 
somewhat  fetid  limestone  and  limy  shale.  Above  comes  250  feet  of 
white  vitreous  quartaite,  which  is  undoubtedly  the  Eureka  formation. 
Above  this  comes  about  800  feet  of  comparatively  massive  brownish 
limestone  (the  Lone  Mountain  formation).  At  a  point  about  150 
feet  below  the  bottom  of  the  Eureka  quartzite,  in  the  Pogonip  lime- 
stone, Ordovician  fossils  were  found.  They  have  been  determined  by 
Dr.  Girty  as  follows: 

Orthis  i)erveta. 
Maclnrea  sp. 
Mnrchisouia  sp. 
Plenrotomaria  sp. 
Leperditia  bivia. 
niaenus  sp. 
Trilobites  nndet. 

DEVONIAN. 

Southwest  from  this  butte  and  about  10  miles  distant  is  a  consider- 
able clump  of  hills,  which  forms  one  of  the  chief  features  of  the  range. 
A  section  of  about  2,000  feet  of  limestone  is  here  exposed.  The  lower 
1,000  feet  is  of  limestone,  which  in  places  has  the  peculiarity  of 
weathering  brown  and  craggy,  like  quartzite.  The  upper  1,000  feet  is 
composed  of  shale  and  thin-bedded  limestone.  In  the  lower  limestone, 
where  it  was  examined,  the  rocks  are  chiefly  composed  of  corals  and 
constitute,  therefore,  part  of  a  Devonian  coral  reef.  The  same  reef, 
with  the  same  corals,  was  found  in  the  ridges  which  form  the  southern 
continuation  of  the  Egan  Range,  12  or  15  miles  east  of  here.  The 
following  Devonian  fossils  were  identified  by  Dr.  (xirty: 

Amphipora?  sp. 
Stromatoporoid  coral. 
Indeterminable  gasteropod. 

PLEISTOCENE. 

As  before  noted,  the  hills  of  the  Golden  Gat«  Range  are  surrounded 
and  often  separated  by  accumulations  of  Pleistocene  material.  This 
material  is  generally  angular  and  bears  the  marks  of  having  been 
brought  to  its  present  position  by  the  influence  of  rains,  wind,  and 
gravity,  not  by  stream  or  lake  action.  Probably  this  Pleistocene 
forms  a  veneer  over  underlying  Tertiary  deposits,  as  is  the  ease  in 
the  next  valley  to  the  west — Railroad  Valley. 

In  the  neighborhood  of  the  Silurian  butte  above  mentioned  is  an 
extensive  deposit  of  calcareous  hot  spring  tufa,  covering  apparently 
an  area  of  several  square  miles  and  eroded  into  hills  and  bluffs  in 
places  40  feet  high.     Within  this  area  active  hot  springs  are  plentiful. 

IGNEOUS   ROCKS. 

Several  of  the  ominena^H  of  the  (Tolden  (4a\e  Hauvc^c  tire  ('oni posed 
of  volcanic  roeks,  whieh  also  surround  siuue  ol  \\\^  \\\W  vA  ^\y^\\^<^ 


■FDBB.]  GOLDEN   GATE    AND   HUMBOLDT   BANGES.  59 

rocks  and  apx>arently  extend  to  the  east  to  the  southern  end  of  the 
Egan  Range,  as  represented  on  the  map.  A  specimen  of  the  lava 
from  the  north  end  of  the  Golden  Gate  Range  proved  to  be  quartz-latite. 

STRUCTURE. 
POLDINO. 

In  the  stratified  rocks  of  the  Golden  Gate  Range  the  strike  runs 
diagonally  or  transversely  to  the  general  trend  of  the  mountains.  It 
has  been  noted  how  in  the  southern  part  of  the  Sehell  Civek  and  Egan 
ranges  the  folds  have  northeast  and  southwest  axes,  which  are  diag- 
onal to  the  general  trend  of  these  ranges.  In  the  Pahroc  Range  tlie 
trend  of  the  axes  of  folding  seems  to  be  north  and  south,  parallel  with 
the  mountains.  Between  the  Pahroc  and  the  Egan  ranges  there  is  an 
area  containing  a  numl)er  of  minor  cross  folds,  which  have  a  curving 
axis  and  which  extend  to  and  connect  with  the  folds  of  the  Golden 
Gate  Range.  Several  of  these  minor  folds  seem  to  die  out  just  west 
of  the  Golden  Gate  Range. 

The  anticlinal  fold  which  marks  the  rocks  of  the  northernmost  and 
chief  group  of  hills  of  the  range  in  which  the  Devonian  corals  were 
found  may  be  a  continuation  of  a  possible  broader  anticlinal  axis 
running  between  the  Worth ington  Mountains  and  the  northern  end 
of  the  Hiko  Range.  The  folds  of  the  Golden  Gate  Range  lying  south 
of  this  anticline,  comprising  two  more  anticlines  with  intervening 
synclines,  do  not  have  any  visible  relation  to  the  folds  to  the  west  or 
south.  However,  they  may  be  traced  continuously  to  the  east  across 
the  several  ridges  which  mark  the  southern  end  of  the  ICgan  Range. 
The  southernmost  folds  curve  around  southeasterb-  toward  the  Pah- 
roc Range,  while  the  northerly  ones,  diverging  from  th(^  others,  main- 
tain a  northeast-erly  direction. 

FAULTING. 

In  the  neighborhood  of  the  Silurian  butt-e  above  mentioned  the 
abundance  of  hot  springs  suggests  the  pres(»nce  of  faults,  but  this 
could  not  be  established. 

HUMBOLDT  RANGE. 

The  Humboldt  Range  is  the  most  inii)ortant  mountain  ridge  in  the 
Great  Basin  between  the  Wasatch  and  the  Sierra  Nevada.  Its  south- 
ern end  only  was  visited  by  the  writer,  and  as  this  has  already  been 
mapped  and  explored  by  the  geologists  of  the  Fortieth  Parallel  Sur- 
vey, it  is  unnecessary  here  to  go  into  details.  JUit  infusnuicli  as  the 
writer  collected  fossils  in  localities  from  which  none  had  lM»en  reported, 
it  is  thought  advisable  to  insert  this  short  description. 

TOPOGRAPHY. 

North  of  Fremont  Pass  the  Humlwldt  Rau(^e  in  exc^^diw^^  xvc^s^^Jh^ 
and  precipitous.     South  of  the  pass  tti^  itvouxlWviv^  \i<^e,vAsvfe  Vs^'^^ 
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At  Hastings  Pass  they  are  of  only  moderat.e  height,  and  the  ascent  from 
the  base  on  both  sides  to  the  summit  is  not  precipitous.  South  of 
Hastings  Pass  the  mountains  are  still  lower,  and  pass  into  straggling 
groups  which  connect  with  the  northern  extension  of  the  White  Pine 
Range. 

SEDIMENTARY  ROCKS. 

North  of  Fremont  Pass  the  Humboldt  Range  consists  mainly  of 
Archean  rocks,  as  has  been  described  by  King^  and  Hague.*  These 
rocks  consist  of  a  series  of  gneisses  and  schists  overlying  the  basal 
granite  and  having  a  thickness  of  8,000  or  10,000  feet.  Of  this  series 
the  lower  5,000  feet  is  in  general  a  mica-gneiss,  while  the  upi)er  5,000 
feet  is  a  homblendic  and  dioritie  schist,  containing  veins  of  quartzite. 
At  the  top  are  beds  of  limestone  and  quartzite.  Above  this  gneiss 
and  schist  series  comes  a  series  of  quartzites  about  2,000  feet  thick. 
The  quartzites  are  white  or  yellow-brown  in  color  and  contain  sec- 
ondary garnet,  hornblende,  actinolit^^,  muscovite,  biotit^,  and  iron 
oxide.  On  them  rest  unconformably  the  Paleozoic  strata,  with  the 
Devonian  generally  at  the  l)ase  and  the  Carboniferous  above. 

King  notes  the  resemblance  of  the  quartzite  series  (which  lies 
unconformably  l>eneath  the  Paleozoic  l)eds)  to  similar  rocks  in  the 
Wasatch  Mountains.  It  is  possible  also  that  the  thick  white  and 
brown  Cambrian  quartzites  exposed  in  the  Snake  Range,  especially 
in  the  vicinity  of  Jeff  Davis  or  Wheeler  Peak,  may  be  equivalents  of 
the  Humboldt  quartzite. 

South  of  Fremont  Pass  the  eastern  face  of  the  range  is  composed  of 
easterly  or  southeasterl}'^  dipping  limestones.  At  a  point  not  more 
than  4  miles  south  of  the  pass  the  following  Coal  Measures  fossils  were 
collected  by  the  writer  from  a  butte  at  the  base  of  the  mountains. 
They  were  determined  by  Dr.  Girty  as  follows: 

Fistnlipora  sp. 
Campophyllnin  torqiiinm? 
Lophophylhim  prolifenim. 
Rhipidomella  i>eco8i. 
ProtliictuH  8p. 
Spirifer  cameratiis. 

These  same  limestones  continue  all  along  the  east  face  of  the  range 
as  far  as  Hastings  Pass.  On  the  summit  of  the  pass  is  found  a  con- 
siderable thickm^ss  of  sandstonc^s  mixed  with  fine  conglomerates. 
Thes(^  the  Fortieth  Parallel  geologists  wgarded  as  Devonian  of  the 
Ogden  formation,  which  would  correspond  to  the  Diamond  Peak 
quartzite  of  the  Eureka  section.  A  short  distance  west  of  the  summit 
the  Paleozoic  rocks  are  overlain  unconformably  by  thick  dex)Osits 
belonging  to  the  Humboldt  Pliocene  of  the  Fortieth  Parallel  Survey. 
At  the  upper  edgc^  of  the  Pliocene*  deposits  the  material  consists  of 
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large  angular  fragments  of  limestone.  From  some  of  the  largest  of 
these  fragments  fossils  were  obtained  which  were  determined  by 
Professor  Ulrieh  as  Ordovieian. 

Leperditia  bivia  White. 
Leperditia  8p.  (nevadensiH?). 
Rhynchonella? 

Strophomena  minor  Walcott. 
Strophomena?  nemea  H.  &  W.? 
Dalmanella  perveta?  Walcott. 
Bathynms. 

If  Silurian  rocks  exist  in  place  at  this  point  one  may  well  suppose 
that  they  are  exposed  by  means  of  a  fault,  for  otherwise  the  thick- 
ness of  strata  in  the  mountains  seems  hardly  sufficient  to  account  for 
their  appearance. 

IGNEOUS   ROCKS. 

North  of  Fremont  Pass  the  basal  rock  appears  to  be  mica-granite,  as 
described  by  King.'*  South  of  Hastings  Pass  a  considerable  ai*ea  is 
also  represented  as  granite  in  the  Fortiotli  Parallel  maps. 

STRUCTURE. 
POLDIN<}. 

The  general  structure  of  the  Humboldt  Range  is  a  broad  anticline, 
as  has  been  mentioned  by  King*  and  by  Hague,**  and  as  can  be  seen 
by  an  inspection  of  the  maps  of  the  Fortieth  Parallel. 

FAULTING. 

It  api)eared  to  the  writ(»r  that  Fremont  Pass  is  the  line  of  an  east- 
west  fault,  and  that  this  explains  the  abutting  of  the  Paleozoic  rocks 
on  the  south  against  the  granite  and  Archean  on  the  north.  More- 
over, the  above-mentioned  Paleozoic  rocks  are  sharply  turned  up 
along  this  supposed  fault  line,  so  that  they  <lip  steeply,  and  their 
strike  swings  round  from  the  normal  north-south  direction  to  a 
northeastesrly  one,  so  as  to  1k^  nearly  parallel  with  the  supposed  fault. 

The  possible  existence  of  a  fault  along  the  west  sidt*  of  Hastings 
Pass  exposing  the  Silurian  ro<*ks  has  been  mentioiKnl  above. 

WHITE  PINE  RANGE. 

The  White  Pine  Range,  as  here  described,  is  the  scmthern  continu- 
ation of  the  Humboldt  Range,  and  its  northern  end  begins  about  10 
miles  south  of  Hastings  Pass,  in  that  range.  P^rom  this  point  it 
extends  unbroken  southward  for  1()0  miles,  with  a  general  due  north- 
south  trend.  At  its  southern  end  it  is  continuous  with  the  short 
Grant  Range,  which  topographically  and  geologically  is  a  part  of  it, 
but  which  is  differently  named  and  will  be  descrilK^d  separately. 
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TOPOGRAPHY. 

The  northern  part  of  the  White  Pine  Range,  from  the  southern  end 
of  the  Huml)oklt  Range  to  the  White  Pine  mining  district,  consifits  of 
a  main  ridge,  which  is  narrow  and  not  very  high,  with  a  number  of 
minor  ridges  on  each  side,  separated  from  the  main  ridge  by  narrow 
valleys  in  which  the  underlying  rock  is  only  partly  obscured  by 
Pleistocene  detritus.  In  the  vicinity  of  the  White  Pine  mining  dis- 
trict the  mountains  grow  higher  and  the  small  north-south  ridges 
change  into  a  complicated  group  of  irregular  mountains.  At  the 
same  time  the  main  ridge  broadens  out  to  four  or  five  times  its 
former  width. 

In  the  White  Pine  mining  district  three  main  north-south  ridges 
may  be  distinguished — that  of  Pogonip  Mountain  on  the  west,  the 
minor  one  of  Treasure  Hill  in  the  middle,  and  that  of  Mokeamoke 
Ridge  on  the  east.  Still  farther  east  a  succession  of  regular  north- 
south  ridges,  similar  to  those  just  described  for  the  northern  part  of 
the  range,  form  a  continuation  of  the  southern  end  of  the  Long  Valley 
Range. 

Within  the  White  Pine  mining  district  the  mountains  reach  a  height 
of  10,000  feet  above  the  sea,  while  to  the  north  and  to  the  south  they 
are  considerably  lower.  To  the  south  of  the  district  also  the  moun- 
tains assume  something  of  the  same  simple  character  as  they  do  to 
the  north,  being  made  up  of  regular  north-south  ridges,  and  for 
the  most  part  consisting  of  a  single  main  ridge.  While  in  the  mining 
district  the  mountains  and  valleys  are  irregular,  the  topography  of 
the  range  to  the  north  and  to  the  south  is  quite  conventional,  showing 
a  uniform  succession  of  seiTated  peaks  of  nearly  uniform  height,  with 
their  sides  furrowed  at  comparatively  regular  intervals  by  the 
drainage. 

Within  the  mining  district  the  irregularity  is  due,  as  will  be  pres- 
ently seen,  to  tlu*  local  complexity  of  the  geologic  structure.  Pogonip 
MounUun,  which,  near  Ilaniilton,  juts  boldly  out  from  the  main  ridge 
and  is  the  highest  peak  in  the  whole  neighborhood,  has  a  bold  scarp 
to  the  north  and  to  the  west.  Throughout  the  district  there  are  a 
number  of  other  precipitous  cliffs.  But  in  the  rest  of  the  range  the 
mountains  show  the  same  steep,  but  yet  not  abrupt,  faces  that  are 
characteristic  of  the  other  ranges  of  the  region.  It  was  noticed,  how- 
ever, that  south  of  Hamilton  the  west  face  of  the  mountains  was  rather 
steeper  than  the  eastern  one. 

SEDIMENTARY    ROCKS. 
CAMBRIAN. 

Pogonip  Mountain  is  composed  of  Paleozoic  strata  which  dip  in 
general  toward  the  (»ast,  forming  th(^  western  limb  of  the  syncline 
whose  eastern  limb  is  exposed  on  the  west  side  of  Treasure  Hill  Ridge. 
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On  the  western  side  of  Pogonip  Mountain  Mr.  Walcott*  has  deter- 
mined from  fossils  the  existence  of  the  Cambrian  Hamburg  limestone 
of  the  Eureka  section.  About  800  feet  of  the  Cambrian  is  exposed  at 
this  point. 

SILURIAN. 

Silurian  rocks  were  described  from  Pogonip  Mountain  by  Mr. 
Hague*  during  the  Fortieth  Parallel  Survey.  Later  on  the  Silurian 
beds  were  also  visited  and  reported  upon  by  Mr.  Walcott.*"  Mr.  Wal- 
cott  found  in  Pogonip  Mountain  the  following  formations,  divided 
according  to  the  Eureka  section: 

Section  at  Pogonij)  Mountain. 

Feet. . 

Lone  Monntain  limestone 1, 450 

Enreka  qnartzite 350 

Pogonip  limestone _ 5, 200 

The  writer  obtained  from  Mr.  Grandelmeyer,  of  Hamilton,  a  fossil 
said  to  come  from  a  locality  about  G  luiles  south  of  that  i)lace.  It 
was  identified  by  Dr.  Girty  as  Receptaculites  sp.  and  assigned  to  the 
Ordovician. 

DEVONIAN. 

While  Pogonip  Mountain  is  composed  almost  entirely  of  Silurian 
strata,  the  ridge  next  east  is  made  up  almost  entirely  of  Devonian. 
Mr.  Hague  has  descrited  the  strata  and  their  contained  fossils  at  this 
point.  The  formation,  divided  according  to  the  Eureka  section,  com- 
prises the  Nevada  limestones  and  the  White  Pine  shales.  Besides 
this  Devonian  ridge,  the  writer  has  also  recognized  the  White  Pine 
Devonian  on  the  east  side  of  Mokeamoke  Ridge,  where  it  is 
repeatedly  brought  to  the  surface  beneath  the  Carboniferous  rocks 
by  the  erosion  of  anticlinal  folds.  He  has  moreover  traced  it  north 
of  the  White  Pine  mining  district  for  some  distance  along  the  west 
side  of  Mokeamoke  Ridge,  where  it  is  largely  hidden  by  Pleistocene 
detritus. 

CARBONIFEROUS. 

The  third  and  most  easterly  of  the  three  ridges  at  White  Pine, 
Mokeamoke  Ridge,  is  made  up  chiefly  of  Carboniferous  rocks  which 
carry  abundant  fossils.  A  list  of  Carboniferous  fossils  obtained  from 
Mokeamoke  Ridge  in  the  mining  district  is  given  by  Mr.  Hague.*' 
The  writer  has  traced  the  continuation  of  the  Carboniferous  l>elt  of 
Mokeamoke  Ridge  15  or  20  miles  north  of  the  mining  district.     At  a 

aMon.  U.  S.  Qeol.  Survey  Vol.  XX,  p.  191. 
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point  6  miles  north  of  Hamilton  Upper  Carboniferous  fossils  were 
collected.     The  following  were  determined  by  Dr.  Girty: 

Productns  semireticulatus? 
Spirifer  boonensis. 
Seminala  snbtilita? 
Enomphalns  sp. 

In  the  same  rocks,  close  by  the  above  locality,  but  at  a  horizon 
about  200  feet  higher  up,  were  found  the  following: 

Productns  prattenianns. 
Productns  sp. 
Spirifer  boonensis. 
Seminnla  subtilita. 

The  minor  parallel  ridges  which  mark  the  north(»rn  end  of  the  range 
have  all  the  aspect  and  structure  of  the  Carboniferous  limestones. 
The  writer  has  also  found  Upper  Carboniferous  limestones  l>nng 
directly  north  of  Pogonip  Mountain,  being  sei)arated  from  the  Silu- 
rian rocks  at  tiiis  point  by  a  heavy  east-west  fault  which  deter- 
mines the  northern  end  of  this  mountain.  Here  the  following  fossils 
were  collected : 

Lithostrotioii?  sp. 
Productns  sp. 
Spirifer  boonensis. 
Spiriferina  gonionotns. 
Scnuiniila  inira? 
Bulimorpha  chrysiilis? 

On  the  east^irn  sid(^  of  Mokeamoke  Ridge  the  writer  has  traced  the 
Carboniferous  rocks  continuously  across  tiie  intervening  ranges  to  the 
southern  end  of  the  Long  Valley  Range. 

At  the  head  of  AUepaw  (Ai)plegartlr;:')  Canyon,  which  is  on  the  east 
si<le  of  th(»  rang(»,  just  cast  of  Hamilton,  (tli/jjhioard.s  sp.,  an  Upper 
Carboniferous  form,  was  found. 

Half  a  mile  farth(»r  east,  down  the  canyon,  wer(»  fouiul  the  follow- 
ing Upper  Carboniferous  fossils:  Man/inifeni  tnurlfdhis,  Prodiwtiis 
seuiireticulafti.s,  Producfas  pnitUu  i<ui  us. 

Still  half  a  mile  farther,  at  the  ol<l  pumping  station  for  the  town  of 
Hamilt<m,  were  found:  OrhiculuUlen  sp.,  Producfus  sennnHiculattiSy 
PvihIw'Ih.s  ijrdtU'inanas,  Mdnjinift  rti  nmricdhi? 

Ahmg  this  s(»ction  the  Carl)oniferous  rocks  alternate*  with  narrow 
belts  of  the  underlying  Devonian,  which  is  exposed  by  the  erosion  of 
the  anticlinal  folds. 

The  Carboniferous  section  liere  hasalwavsat  tlu»  ]»ase  the  Diamond 
Peak  quartzit(»  of  the  Eureka  section.  This  <[uartzite,  or  rather  sand- 
stone (for  it  is  not  actually  a  ([uartzite),  outcrops  all  along  the  western 
base  of  Mokeamoke  Ridge,  so  far  as  this  has  been  followtMl,  and  has 
a  thickness  of  s(*veral  hundrcMl  feet  -  nuK'h  smaller  than  at  Eureka. 
Above  the  snlidstoiiv  come  heavy, \Av\v^  Wuu^sVvmv^s  vmvtaluing  Coal 
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Measures  fossils.  In  the  CArlwniferous  hillocks  at  the  northern  base 
of  Po^onip  MounUvin  conglomerates  were  found  containing  pebbles 
ol"  red  and  xiurple  chert,  closely  resembling  similar  lx»d8  just  west  of 
here,  on  tiie  ejist  sid<^  of  the  Pancake  Mountains. 

RHYOLITK   ASH. 

North  of  the  White  Pine  mining  district  and  on  the  western  side  of 
Mokeamoke  Ridge,  the  broad  area  of  low  hills  is  partly  covered  by  a 
deposit  of  stratified  rhyoliticash.  NearSixmile  House,  0  miles  north 
of  Eureka,  a  dike  of  rhyolit<3  is  found  which  cuts  this  depasit  and 
shows  that  the  ash  is  tiie  earlier  of  the  two.  It  is  very  likely  that 
this  rhyolit<3  ash  is  of  the  same  age  as  that  exiK)S(Hl  at  Twin  Springs 
in  the  Pancake  Range. 

IGNEOUS   KOCKS. 
LAVA. 

The  existence  of  a  rhyolilc  dike  in  the  vicinity  of  Sixmile  House 
has  just  been  refernMl  to.  In  this  nc^ighborhood  and  farther  north 
one  linds,  together  with  the  rhyolite  ash  alrciuly  descriln^d,  numerous 
small  buttes  of  lava  which  have  l)een  eroiled  into  separate  piitches, 
but  which  once  evidently  were  joined  together  to  form  a  continuous 
thin  sheet  whicii  spread  over  this  region. 

GKANITK. 

Small  i)atches  of  eoai'S(»-grained  h(M*id)lende-granite  have  been  men- 
tioned by  Hague"  as  outcropping  along  the  bjise  of  Pogonip  Mountain. 
Whether  this  granite  is  intrusive  or  Archean  is  not  stated. 

STliUCTUKE. 
FOLI>IN<i. 

The  main  ridge,  MoJceamoke,  which  extends  north  from  the  White 
Pine  mining  district,  has  a  general  synclinal  structure.  Thissyndine 
is  variously  afTe<*t(td  by  erosion,  so  that  at  times  one  limb  is  .ilniost 
comph4(»ly  worn  away,  giving  th(^  range  the  aspect  of  being  monoeli- 
nal.  For  the  most  part,  howeviM*,  tliis  s^'iicline  is  well  shown  for  a 
numlH^r  of  miles  north  of  Hamilton.  Still  farther  north,  as  fara:Uhe 
southern  end  of  the  Humboldt  Range,  the  structure  was  not  car<»fully 
observed,  but  in  general  it  consists  of  a  series  of  geuth*  open  folds 
trending  parallel  to  the  mountain  ridges.  On  Coal  r>urners  or  Bald 
Mountain  the  attitude  of  the  gtrata  seems  to  be  very  near  horizontal. 
.  Besides  the  main  ^lokeamoke  Ridge,  whose  structure,  as  sketched 
about  8  miles  north  of  Hamilton,  is  shown  in  the  accompanying  figure 
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(fig.  1),  thei-e  are  several  minor  parallel  ridges.  North  of  the  White 
Pine  milling  district  thette  minor  ridges  lie  east  of  the  main  one,  form- 
ing a  continuous  section   which  unites  Mokeamoke  Ridge  with  the 


southern  end  of  the  Ix)ng  Valley  Range.     These  ridges  and  the  accom- 
panying valleys  (in  whose  bottoms  the  i-ock  is  very  little  obscured  by 


•t  White  Pine 


.  L-nni1>rUn  limcotoIKM. 
■.  Pi>inmii>litnf>itoii.-(Kilurian> 
<  EnTvknqnarUilo  iSilariAni. 
I.  Lcino  Monataln  limestone  ISi 


1.  Valley  wauh  (Pk'iatoione). 


detritus)  ('.\p<>s*>  a  scries  of  gentle  anliclinal  jind  synclinal  folds  of 
Himilai-charHctcr  1o  the  synelino  of  Mokcainokc  Ridge.  The  struc- 
ture here  is  shown  in  lig.  H. 


Ill  the  region  nf  Hamilton,  where  ttio  inonutainpi  widen  out  notice- 
ably, the  structure  of  the  rocks  west  of  Mokcamoko  Riilgo  consista  in 
general  of  a  pronounced  north-south  trending  aiitieliiie,  which  affecta 
/J/t-  fontrnl  riiifnt  conijirising  Trt-asnrc  IMll  and  minor  eminences,  and, 
fttrl/wr  west,  n  geut'nil  syiiclinv,  the  wesU'VU  V»n\\j  t^.l^\\\ii\wYviij,'^TA'^ 
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ridge.  Within  this  region  also  there  are  a  great  number  of  faults, 
which  appear  in  general  to  belong  to  two  systems,  one  having  a 
north-south  and  the  other  an  cast-west  strike.  The  heaviest  fault  of 
the  region'  appeared  to  the  writer  to  be  that  at  the  northern  end  of 
Pogonip  Mountain,  where  the  Coal  Measures  limestones  are  brought 
by  a  hidden  east-west  fault  directly  against  the  Silurian  strata  of 
the  mountain.  This  fault,  therefore,  must  have  a  vertical  displace- 
ment of  from  7,000  to  10,000  feet.  On  the  northwest  comer  of  Pogo- 
nip Mountain  another  fault  was  observed,  having  a  considerably  less 
displacement  and  a  northwest  strike.  Mr.  Hague  ^  mentions  another 
heavy  fault  on  the  western  side  of  the  s^ime  mount^iin.  Between 
Pogonip  Mountain  and  the  Treswure  Hill  ridge  there  is  also,  accord- 
ing to  Mr.  Hague,*  a  disi>lacement.  In  Treasure  Hill  itself  Mr. 
Hague  *^  deserilx»<l,  and  the  writer  subsequently  observed,  an  east- 
west  fault  whicli  crosses  from  the  southern  side  of  Treasure  Hill 
to  Pogonip  Mountain.  It  appeared  to  the  writer  also  that  the  steeply 
bent  anticlinal  fold  which  is  exi)osed  in  an  east-west  cross  section  of 
Treasure  Hill  has  been  faulWd  somewhat  along  its  axis  and  the  east- 
ern part  relatively  down  thrust,  the  fault  being  probably  a  normal 
one.  There  are  certainly  many  other  faults  in  the  mining  district, 
but  all  the  examinations  thus  far  made  have  been  cursory.  On  the 
western  side  of  Mokeamoke  Ridge  and  in  Allepaw  (Applegarth?)  Can- 
yon a  number  of  probable  east-west  fanilts  wen?  observed. 

It  will  be  noted  that  this  faulting  is,  so  far  as  observed,  restricted 
to  the  neighborhood  of  the  mining  district.  To  the  north  and  to  the 
south  there  is  little  reason  for  l>elicving  that  the  mountains  are  much 
affected  by  faulting.  The  White  Pino  district,  then,  boars  exactly  the 
same  relation  to  the  rest  of  the  White  Pine  Range  as  the  Eureka 

* 

district  does  to  the  Diamond  Range.  Both  are  areas  of  local  and 
special  dynamic  disturbance,  resulting  in  folding,  faulting,  and  ore 
deposition,  and  in  both  the  special  effects  die  out  in  a  surprisingly 
short  distance. 

RELATION   OF  TOPCXiKAPHY   TO   STRUCTURE. 

In  the  northern  part  of  the  White  Pine  Range,  iiortli  of  ilw  mining 
region,  there  is  a  distinct  tendency  toward  anticlinal  vall(*ys  and 
synclinal  ridges.  The  mountains,  therefore,  though  determined  pri- 
marily by  erosion,  yet  have  the  location  of  their  ridges  and  valleys 
governed  by  the  position  of  the  folds.  South  of  the  White  Pine 
mining  region  the  same  general  peculiarities  hold  to  the  southern  end 
of  the  range. 

Within  the  mining  region  itself  the  faults  introduce  a  new  feature 
into  the  topography.     The  whole  district,  as  before  stated,  is  traversed 
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by  a  north-south  and  an  eant-west  system  of  faults,  with  minor  diago* 
nal  ones.     Some  of  these  are  attended  by  steep  scarps. 

In  the  same  district  where  the.se  scarps  occur  the  folds  seem  to 
have  directly  determined  the  topography.  The  Treasure  Hill  ridge 
is  anticlinal  and  the  valley  between  it  and  Pogonip  Mountain  syn- 
clinal. But  Mokeamoke  Ridge  and  the  ridges  to  the  west  are  syn- 
clinal, with  anticlinal  valleys,  indicating  a  hmg-contiuued  erosion 
period.  The  folding  of  the  ridges  to  the  west  of  Mokeamoke  Ridge 
was  then  distinctly  later  than  that  of  the  ridge  itself  and  later  than 
that  of  the  range  in  general. 

The  faults  of  the  mining  district  appear  to  1>elong  also  to  the  same 
recent  epoch  as  the  associated  folds.  Those  of  Treasure  Hill  have 
apparently  been  affected  very  little  by  erosion,  and  are  marked  by 
scarps  which  seem  to  represent  very  closely  the  vertical  displace- 
ment. The  same  seems  to  he  true  of  the  heavy  fault  which  forms  the 
northern  end  of  Pogonip  Mountain,  which  has  ali*eady  l)een  mentioned. 

ORES. 

Tlie  structurally  c<)inx)licate<l  region  around  Hamilton  has  been  the 
site  of  rich  ore  deposition.  The  ores  are  distinctly  connected  with 
the  fault  fissures  and  have  forme<l  largely  in  their  vicinity.  Mr. 
Hague'*  descril>es  the  occurrence  of  the  silver  deposits  of  Treasure 
Hill  as  (1)  in  fissures,  striking  (*{ust  and  west;  {'2)  in  deposits  between 
the  limestone  and  shale;  {-])  in  beds  or  chambei"s  in  the  limestone 
and  parallel  to  the  stratification  of  the  rock;  and  (4)  in  the  regular 
seams  or  joints  across  the  rock  betiding,  most  frequently  with  a  north- 
south  trend.  The  minerals  found  in  the  mining  district  comprise 
quartzite,  calcite,  gypsum,  fiuorite,  barite,  black  oxide  of  manganese, 
rhodochrositc,  cerargyrite,  galena,  eerussite,  and  azurite.  The  dis- 
trict on(!e  had  a  xxipulatiou  of  many  thousand,  but  at  present  there  is 
very  littl(j  activity. 

QUINN  CANYON  AND  GRANT  RANGES. 


T\u'  Grant  Range  is  really  the  southern  extension  of  the  White 
Pine  Range,  th(»re  being  no  decidcMl  lireak  between  the  two.  It  has  a 
l(»ngth  from  north  to  south  of  about  IK)  mil(»s.  The  Quinn  Canyon 
Range  is  (*los(»ly  connected  with  the  Grant  Range,  being  separated 
only  b}'  a  narrow  rock-cut  valley,  whose  boltoin  is  for  the  most  part 
comparatively  free  from  detritus.  It  is,  however,  offset  from  the 
Grant  Range  to  the  west.  The  Quinn  Canyon  Range  is  broad  and 
short,  having  a  north-south  extent  of  about  25  miles,  and  an  east-west 
(»xt^»nt  of  nc»arlv  iN)  miles. 

ft 

T(>P()(iRAPHY. 

Tho  (irant   Raiig<^  consists  of  a  single  main  ridge,  rather  flat  and 
hroiul  (tn  lop,  niid  cut   up  d(M^p\y  \)y  \\u^  swwvVWv  uuuiutain  valleys, 
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which  run  out  into  the  wide  detritu8-fille<l  main  valleys.  These 
smaller  valleys  and  their  auxiliary  gulches  are  generally  bounded  by 
steep  walls.  In  general,  the  main  mountain  fronts,  on  the  east  and 
west,  are  also  steep.  The  south  end  of  the  range,  which  lies  just  east 
of  Garden  Valley,  decreases  gradually  in  height,  and  so  passes  into  a 
series  of  low  buttes  which  run  out  into  the  valley. 

The  Quinn  Canyon  Range  is  bounded  by  steep  cliffs  on  the  east, 
west,  and  north  sides  of  its  northern  half,  and  the  small  valleys  and 
ravines  which  have  been  worn  in  this  half  are  guarded  by  the  same 
precipitous  walls  as  in  the  Grant  Range.  This  part  of  the  range  is 
cut  out  of  limestone;  hence  its  rugged  and  irregular  topograph 3'.  The 
southern  part  of  the  range  is  a  mass  of  volcanic  rocks,  which,  how- 
ever, have  been  extensively  eroded.  The  type  of  topography  is  nat- 
urally quite  different  from  that  in  the  limestone  region,  the  distribu- 
tion of  the  valleys  being  regular  and  the  rocks  l>eing  cut  up  into  steep 
but  not  precipitous  mountains.  The  southern  end  of  the  range  also 
appears  to  have  a  more  gradual  descent  into  the  plain  that  has  the 
northern. 

SEDIMENTARY    ROCKS. 
CAMBRIAN. 

In  the  foothills  at  the  north  end  of  the  Quinn  Canyon  Range  and 
to  the  north  of  the  abrupt  scarp  which  limits  the  northern  end  of  the 
mountain  proper  an  ex^wsure  of  rusty-brown  shaly  limestone  was 
found  in  a  canyon,  from  which  fossils  were  collected.  They  were 
determined  by  Mr.  Walcott  as  C-ambrian. 

These  were  the  onl}'  Cambrian  rocks  found  in  the  two  ranges. 
Immediately  to  the  south,  in  tlie  high  mountains  of  the  Quinn  Canyon 
Range,  the  rocks  are  Silurian  and  probably  also  Devonian,  and  indeed 
an  outcrop  of  undoubtedly  Silurian  quartzite  (Eureka  formation)  was 
found  only  a  short  distance  east  of  the  Cambrian  locality'.  The  atti- 
tude of  the  IxhIs  in  both  outcrops  makes  it  clear  that  lK»tween  the  two 
there  is  a  heavy  fault,  and  from  the  lack  of  faulting  in  the  Quinn 
Canyon  Range  proper  it  is  clear  that  the  fault  does  not  run  in  a 
north-south  direction,  but  must  run  in  a  general  east-west  <lirection, 
not  far  from  the  bas(^  of  the  heavy  scarp  which  delimits  the  mountain 
at  its  north  end. 

SILURIAN. 

On  the  steep  W(\st  face  of  the  northern  end  of  the  Quinn  Canyon 
Range  the  mountains  near  the  base  consist  of  massive,  often  shaly, 
dark-blue  to  gray-blue  limestone,  much  broken  and  veined  as  a  con- 
sequence of  granitic  intrusions.  On  account  of  the  alteration  the 
organic  remains  obtained  from  this  limestone  are  not  identifiable. 
Six  hundred  or  800  feet  above  the  base  of  the  limestone,  as  exposed, 
comes  about  200  feet  of  hard  wliit^  vitreous  quartzite,  which  one  at 
once  recognizes  as  probably  the  Eureka  formation.  Above  this 
quartzite  comes  upward  of  4,0fK)  feet  of  gray-blue  extreuvi^l^  \\\vv.^j;^vs<^ 
limestone,  extending  to  the  top  of  the  mouTvVaxiv  w[viV>^'*6^^^^fc^^^^^^*>^^^^^^ 
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smooth,  i)erpenclicular,  pinnacled  cliffs.  This  same  limestone  was 
found  all  along  the  north  end  of  the  mountain  scarp,  and  also  forms 
the  precipitous  cliffs  on  the  east  side  of  the  mountain  front,  opposite 
the  Grant  Ran^re. 

In  some  low  foothills  on  the  northern  slope  of  this  range,  facing 
Railroad  Valley,  the  following  Ordovician  fossils  (determined  by  Pro- 
fessor Ulrich)  were  found  by  Mr.  F.  H.  Weeks"  in  1900: 

Girvanella  sp.  undet. 

Orthis  n.  sp.  (cf.  O.  bolstoni  Safford). 

Dalinaiiella  i^erveta. 

Orthis  tricenaria  ? 

Cf.  Stropbomena  nemea  H.  &  W. 

Zygospira  ii.  sp.     A  large  species,  ^  inch  or  more  wide. 

Three  undetermined  bracbiopods,  i)ossibly  referrable  to  Platystropbia. 

Ortbodesma  sp.  nndet. 

Lopbospira. 

Cf .  Pleurotomaria  lonensis  Walcott. 

Ortboceras. 

Leperditia  (near  L.  falmlites  Conra<l). 

Leperditella  sp. 

Primitia  (near  P.  celata  Ulricli). 

Batbyiinis  (1). 

Batbyurus  (2). 

Batbynms  (3). 

Within  the  main  range,  on  the  .sloi>es  of  Hitr  Creek,  in  the  north- 
western part  of  the  range,  the  following  Ordovician  fossils  were  col- 
lected! by  Mr.  Weeks,  determined  b}'  Professor  Uh*ich: 

Receptaculites  mammilaris  Newberry. 

Recei)tacnlite8  ellii)ticiis  Walcott. 

Plates  of  a  large  C>arab<x'rinns  similar  to  one  (K'cnrring  in  shales  of  Blat'lc 

River  age  of  Minnesota. 
Plates  of  C/aral)ocriniis  ?  with  jmstnlose  surface. 
Monotryi)a  sj).  undet. 
Batostonia  s\).  undet. 
Orthis  n.  sp.   (near  O,  bolstoni  Safford). 
Orthis  pogonipensis  H.&  W.  (cf.  O.  i>erveta). 
Orthis  tricenaria  Connid  (snijill  form). 
Orthis  lonensis  ?  Walcott. 
Maclurca  sp.  undet.  (near  M.  bigsbyi). 
Gyronema  sp.  nov.  (near  (r.  sernicarinatum  Salt.  sp.). 
(len.  et  sp.  nov.  (related  to  Oxydiscus  and  Conradella). 
()rtb(M*eras  (small  species). 

End(K-eras  sp.  undet.  (with  '*  ColiKiceras  '*  type  of  siphuncle). 
Lei)erditia  n.  sp.  (s<^'mipunctate). 
Leperditia  n.  sp.  (elongate  hi  via). 
Lejierditella  sp.  (near  germana  Ulrich). 
Leperditella  sp.  witli  ventral  swelling  in  left  valve. 
Schmidtella  n.  sp.  (nearS.  crassimarginata). 
A])arcliites  sp.  undet. 
Tctradella  ?  sp.  nov. 
Cranidia  and  pygidia  of  six  (?  T))  siM'cies  of  Trilobites. 


SPURR]  QUINN    CANYON    AND   GRANT   RANGES.  71 

On  the  east  side  also  the  Eureka  qaartzite  again  appears  and  can 
be  continuously  traced  for  long  distances,  thus  becoming  an  impor- 
tant aid  in  the  study  of  the  stratigraphy.  In  the  valley  which  sepa- 
rates the  Quinn  Canyon  Range'  from  the  Grant  Range  the  Eureka 
quartzite  outcrops  on  both  sides,  on  the  two  limbs  of  an  anticlinal 
fold  from  which  the  valley  has  been  eroded.  In  the  bottom  of  the 
valley,  beneath  the  quartzite,  is  found  massive  limestone,  brecciated, 
hardened,  and  altered.  In  the  upper  part  of  that  portion  of  the 
valley  draining  north  (which  is  separated  by  a  decided  divide  from 
that  portion  which  drains  to  the  south  into  Garden  Valley)  the  ascent 
takes  one  alx)ve  the  horizon  of  the  Eureka  quartzite  into  that  of  the 
overlying  limestones.  Along  the  course  of  this  northern  part  of  the 
valley  no  good  fossils  could  be  found  in  any  locality,  but  fragments 
picked  up  at  various  points  in  the  canyon  have  Ix^en  identified  by 
Professor  Ulrich  as  Silurian. 

Bat(>8t  una?  sp.  niidet. 
Bathytirns?  sp.  iindet. 
Le])er(litellH?  sp.  nndet.     Two  species. 
Orthis  sp.  (near  O.  holstoni  Saffonl). 
Orthis  sp.  (nearO.  tricenaria). 
Receptac*ulit<»8  ellipti(;ns  Walcott. 

At  th(^  <livide  above  mentioned  the  stratified  rocks  are  hidden  by 
later  volcanies.  A  short  distance  south  of  the  pass,  however,  the 
Eureka  qimrtzite  is  again  encountenMl,  and  above  it  the  same  heavy 
limestone  as  appeared  in  the  Quinn  Canyon  Range.  These  rocks 
extend  quite  through  to  the  eastern  face  of  the*  (xrant  Rango.  On 
the  lower  part  of  Cherry  Creek,  after  passing  the  volcanic  area,  dense 
blue  limestone  is  encountered,  and  farther  down  the  Eureka  <iuartz- 
\U\  From  the  limestone  be<ls,  a  few  hun<lred  feet  Ix^low  the  (luartzite, 
the  following  Ordovician  fossils  were  obtained  and  determined  by 
Professor  ITlrieh. 

Eccylioptems  sp.  nndet. 
Eiicriimnis  sp.  undet. 
Isotchis?. 
Lin^ila  sp.  nndet. 

The  Eureka  quartzite,  <lipping  to  the  east,  forms  the  eastern  front 
of  the  (f  rant  Range  for  some  miles  north  of  Cherry  Creek,  and  then, 
on  account  of  the  irregular  (»ro.sion  of  the  mountain  front,  pas.ses  into 
th(^  foothills,  where  it  can  b<»  traced  for  a  number  of  miles  farther 
north. 

DEVONIAN. 

No  Devonian  fossils  were  obtained  from  either  the  Quinn  Canyon  or 
(xrant  ranges.  As  already  noted,  however,  the  thickness  of  the  lime- 
stone section  which  is  exposed  above  the  Eureka  quartzite  is  ui)ward 
of  4,000  feet  in  both  ranges.  In  the  Eureka  section  «  the  thickness  of 
the  Silurian  Lone  Mount-ain  limestone  above  the  Eureka  <iuartzite  is 
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given  at  1,800  feet.  There  is  an  unconformity  at  Eureka  between  the 
Eureka  quartzite  and  the  overlying  liniestone.  Nevertheless,  it  is 
very  likely  that  the  upper  portion  of  the  maasive  limestone  observed 
in  the  Quinn  Canyon  and  Grant  ranges  includes  part  of  the  Devonian 
limestone  of  the  Nevada  formation. 

CARBONIFEROUS. 

On  the  eastern  slope  of  the  Grant  Range,  north  of  Warm  Spring,  in 
White  River  Valley,  the  following  Carl)oniferous  fossils  were  collected 
by  Mr.  F.  B.  Weeks"  and  determined  by  Dr.  Girty: 

Chonetes  sp. 
Chonetes  illinoisenais. 
Derbya  kaskaskiensis. 
Productella  ?  near  concentric^. 
Spirifer  c^ntronatns. 
CamarotoHjhia  sp. 
Enmetria  vemeniliana. 
Naticopsis  sp. 
Ostracoda. 

PLIOCENE. 

In  the  northern  part  of  the  valley  separating  the  two  ranges  there 
are  found,  up  to  a  height  of  6,200  feet  above  the  sea,  horizontally  bed- 
ded arkoses  and  conglomerates,  made  up  of  the  fragments  of  the 
limestone  cliffs  above  and  nevertheless  hardened  into  solid  rocks. 
This  may  be  a  shore  formation,  and  may  l)elong  to  the  Pliocene  lake 
whose  sediments  are  shown  in  the  Pancake  Range  at  Twin  Springs 
and  at  Hot  Creek.  The  Pleistocene  subaerial  accumulations  hide  the 
Tertiary  strata  throughout  tlio  greater  part  of  the  valleys.  A  hint  of 
the  former  existence  of  a  Pliocene  lake  on  the  west  side  of  Quinn 
Can^'on  Range,  however,  was  found  in  the  peculiar  d(»velopment  of 
the  gulches  which  furrowed  the  volcanic  rocks.  These  gulclies  are 
dei>i>est  at  1h(^  top,  and  grow  progressively  shallower  lower  down, 
until  near  the  lx)ttom  they  die  out  entirely.  This  may  signify  that 
the  development  of  the  gulches  began  above  the  surface  of  the  Plio- 
cene lake  and  as  the  lake  became  lower  the  gulches  were  forced  to 
extend  themselves,  but  naturally  accomplished  only  a  small  amount 
of  cutting  in  those  new  portions  as  compared  with  the  long-established 
upper  parts. 

IGNEOUS   ROCKS. 
RHYOLITK   AND   GRANITK. 

On  the  west  side  of  Quinn  Can^'on  Range,  directly  (\ast  of  Twin 
Springs,  are  found  great  masses  of  silic(*ous  igneous  rocks  which  widen 
in  extent  farther  south  and  cover  up  the  whole  of  the  range. ^'  At  the 
northern  end  of  the  mountain  valley  which  separates  the  most  easterly 
part  of  the  range  from  the  w(»st(M*ly  part,  along  which  the  Qniiin  Canyon 
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road  runs,  the  volcanic  rock  has  been  stripped  down  to  the  underlying 
limestone,  which  is  found  to  be  traversed  by  great  dikes  of  acid  rock, 
varying  from  coarse  to  fine  in  texture.  The  overlying  rhyolite  and 
the  dike  rocks  were  examined  microscopically.  Of  two  specimens  of 
the  dikes  one  was  a  coarse  biotite-hornblende-granite  and  the  other 
a  very  fine  biotite-granite-porphyry,  the  same  mineralogically  as  the 
coarse  variety,  but  both  mineralogically  and  structurally  far  more 
closely  connected  with  the  rhyolite.^  It  is  probable,  therefore,  that . 
the  dikes  and  the  massive  eruptions  constitute  different  parts  of  the 
same  igneous  mass. 

BASALTIC   VOLC'ANICS. 

In  the  small  valley  between  the  two  ranges,  thin-bedded  basaltic 
volcanicH  occur  just  south  of  the  puss  and  stretch  over  a  considerable 
area.  These  rocks  are  fine  grained  or  glassy  and  show  ver}'  beautiful 
flow  structure,  in  strong  contrast  to  tlie  massive,  rugged  rhyolite  in 
the  hills  above  them.  Specimens  examined  microscopically  show  the 
rock  to  be  a  basalt  carrying  augit^  and  hornblende.  Th(^  basaltic 
rocks  extend  for  some  distance  along  Cherry  \^alley. 

(^U  A  RTZ-LATITES. 

On  the  east  side  of  the  Grant  Range,  near  the  point  where  it  joins 
the  White  Pine  Range,  the  outlying  foothills  which  bound  the  south- 
ern or  southwesti'rn  end  of  Sierra  Valley  are  evidently  composed  of 
dark-colore<l  volcanic  rock.  This  is  not  far  from  similar  volcanic 
areas  which  form  the  northerl}^ continuation  of  the  Goldcui  (lat-e  Range, 
and  is  verv  likelv  of  the  same  nature.  From  one  of  the  volcanic  hills 
of  the  Golden  Gate  Range  near  this  point  a  siK»cimen  proved  to  l>e 
quartz-latite,  containing  augite,  biotit(>,  and  hcn-nblende. 

RKLATIVE   AGE   OF   LAVAS. 

In  those  two  rang<\s  tlie  rhyolitcs  are  distinctly  oldest,  as  shown  not 
only  l)y  t lie  fact  that  the  more  basic  lavas  overlie  them,  but  also  by 
the  greater  erosion  of  the  rhyolites  as  compared  with  the  others.  The 
latite  appears  to  be  of  intermediate  age.  It  is  probable  that  the 
rhyolites  and  the  basalts  are  to  be  correlated  with  the  corn*sponding 
lavas  of  the  Pancake  Range,  iis  exhibited  at  Twin  Springs. 

STRUCTURE. 
FOLDING. 

At  the  west  base  of  the  Quinn  Canyon  Range  the  distribution  of  the 
Eureka  quartzite  shows  that  then^  exists  here  an  anticline  with  a 
north-south  or  northeasterly-southwesterly  axis.  The  north  end  of 
the  range  exposes  a  broad,  very  shallow  syncline,  which  succeeds  the 
anticline  to  the  east.  In  the  center  of  this  syncline  the  beds  are 
horizontal  for  a  considerable  distance,  and  the   maximum  dip  on 
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thp  two  aides  is  about  35°.  The  syn- 
cliiie  iH  Buccoeded  farther  east  by 
an  anticline,  along  whicli  the  valley 
separating  the  two  mountain  ranges 
lias  been  eroded.  The  Eureka  qiiartz- 
ite,  whioh  appears  on  both  sides  of 
this  anticline,  allows  its  being  traced 
eimily  foi*  long  diRtniices.  The  fold 
has  a  general  north  -  northwesterly 
trend  and  is  visible  in  the  moun- 
tains of  the  Grant  Range  about 
8  or  10  miles  to  the  northeast  of  the 
nofth  end  of  the  Quinn  Canyon 
llange.  At  this  point  it  is  much 
sharper  than  farther  snnlh. 

The  eastern  limb  of  the  anticline, 
which  is  st<'e[>cr  than  the  western 
liml),  is  at  tho  same  lime  the  western 
limb  of  a  syneline  which  is  dis- 
played in  the  Grant  Kange.  There 
are  some  slight  minor  folds,  but  the 
general  cross  section  appears  to  show 
a  perfect  syneline  at  a  point  just  east 
of  the  north  end  of  tlie  Quinn  Canyon 
Range.  Farther  soulli,  in  the  vicinity 
of  Cherry  Creek,  the  jutting  out  of 
(lie  mountains  a  little  farther  east, 
as  a  consequcnee  of  the  in-egnlar  en>- 
sion,  ]>erinits  the  study  of  a  third 
aniivline,  which  succeeds  the  syn- 
eline, and  is  a  heavy  und  persistent 
foM.  Looking  north  fr<mi  the  vicinity 
<>f  t:h('rry  t'reek,  one  sees  this  iinti- 
clinal  fold  passing  fntni  the  side  of 
the  mountains  into  the  foothills,  so 
that  the  strata  wliicii  at  first  dip 
ea.st.erly  on  the  mounlain  face  change 
tiO  a  westerly  dip,  which  denot^is  the 
eastt'rn  liml)  of  the  (iriiiit  Kange  syn- 
eline. These  folds  liavo  a  more  north- 
easterly strike  than  those  farther  west, 
so  that  the  castennnost  anticline  just 
deserilied  ]>robalily  strikes  across  the 
valley  lo  the  low  liills  whicli  divide  the 
(iol<lcii  (lat^j  lijmge  fi-oni  the  Grant 
Itjiiigc  about  2"!  miles  north  of  Cherry 
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Creek,  and  is  again  exhibited  in  the  strata  of  these  liilU.  At  this 
point  the  anticline  is  joined  on  the  east  by  a  connected  series  of  open 
synclincs  and  anticlines,  which  form  the  low  mountains  of  the  (lolden 
Gat<e  Range  and  extend  across  to  the  northern  end  of  the  Hiko  Range. 


Tho  strikes  of  these  folds  become  moi-e  and  more  easterly  until  in 
the  Hik<t  Range  they  swing  round  and  Iicconie  southwesterly,  and 
then,  farther  south,  pass  int-o  the  usual  jiorth-sout.h  trend  again, 
having  dewcrilwd  semicircles.     (See  figs,  -i  and  4.) 


Ah  already  mentioned,  there  is  apparently  a  heavy  fault  ivt  llio 
northern  end  of  the  Quinn  Canyon  Range,  which  has  brought  up  the 
Cambrian  nMrks  on  the  north  siile  against  the  Silurian  on  the  south. 
This  was  the  only  fault  dcteruiiiie<l  in  the  two  ranges.     (See  fig.  5.) 


Bnil  ut  Qnlnn  Canron  Hounlai 
a.  Chiefly  PlfUrtorane  valley  w 

Some  slight  crumpling  of  the  strata  waj*  observed  on  the  easleru  side 
of  Ihe  (iraiit  Range,  near  Cherry  Creek,  but  this  was  prolmbly  due  t^o 
the  intrusion  of  the  near-by  volcanic  rocks.  In  general,  the  folds  of 
the  Htratifietl  rocks  are  even  and  unbroken. 

RELATION  OP  STRUCTURE  TO  TOPOORAPHY. 


As  described,  the  Quinn  Canyon  Range  is  essentially  a  simple  syn- 
cliue,  as  is  also  the  (>raut  Range.  On  the  west  side  of  the  Quinn 
Canjoii  Range,  the  east  side  of  th<'  Grant  Range,  and  also  between 
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the  two  ranges,  are  anticlines  which  are  marked  by  deep  depressions. 
In  general,  therefore,  the  form  of  the  mountains  is  one  that  implies  a 
long  period  of  erosion  subsequent  to  the  folding.  Although  the  faces 
of  both  these  ranges,  on  the  east  and  on  the  west,  are  somewhat 
abrupt,  the  apparent  continuation  of  the  beds  past  these  steep  faces 
without  break  indicates  that  the  faces  are  not  caused  by  faulting,  but 
are  due  to  erosion.  The  north  end  of  the  Quinn  Canyon  Range  is 
probably  along  a  fault,  but  in  this  case  the  Cambrian  rocks,  which 
have  been  relatively  upthrust  by  the  faulting,  are  found  in  low  foot- 
hills running  into  the  valley,  while  the  downthrust  Silurian  rocks 
form  abrupt  cliffs  facing  the  Cambrian.  It  seems,  therefore,  that  if 
the  cliff  was  primarily'  determined  by  faulting  it  is  not  directly  due  to 
upthrust,  but  to  powerful  erosion. 

WORTHINGTON  MOUNTAINS. 

The  Worth ington  Mountains  are  a  very  small  group  lying  north- 
west of  the  Pahranagat  Range,  with  which  they  are  connected  by  a 
series  of  hills.  They  also  are  connected  with  and  probably  form  the 
northern  extension  ef  the  Timpahute  Range,  and  on  the  north  the 
rocks  are  probably  continuous  with  those  of  the  Crrant  Range,  from 
which  the}'  are  separated  bj^  a  few  miles  of  desert  valley.  On  the 
west  side  of  the  Worthington  Mountains  there  is  a  series  of  low  hills 
which  form  a  certain  (»onnection  between  them  and  the  Quinn  Canyon 
Rang(». 

Like  most  of  the  high  mountains  of  the  region,  as,  for  example,  the 
C^uinn  Canyon  Range  and  the  Grant  Range  farth(»r  north,  tlie  Worth- 
ington Mountains  have  steep  sides,  averaging  perhaps  'iO""  in  incli- 
nation to  the  horizontal,  to  the  east,  west,  and  north. 

SEHIMKNTARY    ROCKS. 


Tlic  northern  eml  of  the  range  was  viewed  by  the  writer  from  a  jwint 
S(»veral  miles  f«rtlier  north.  From  here  the  rocks  are  ai)parently 
massive  limestones,  resembling  Uw  Devonian  and  Silurian  strati^  of 
the  (xrant  Range  just  to  the  north,  and  having  a  similar  strike.  These 
Siime  strata  can  1m»  traced  southward  along  the  flanks  of  the  moun- 
tains. At  the  northern  end,  according  to  Mr.  Gilbert,^'  they  consist 
principally  of  limestont^,  with  some  sandstone-  I'he  limestone  carried 
abundant  fossils,  which  probably  belong  to  the  Silurian. 

IGNEOUS   ROCKS. 

According  to  Mr.  Gilbert,  the  northern  end  of  the  mountain  is 
flanked  on  i\w  east  by  beds  of  rhyolite,  associated  with  which  are  the 
Freiberg  silver  mines. 
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STRUCTURE. 

At  the  northern  end  of  the  range  the  strata  dip  wejsterly  about  30°, 
parallel  with  the  general  slope  of  the  range.  Farther  south  the  dip 
grows  continually  less,  until  at  the  southern  end  it  is  horizontal.  It 
was  at  this  point  observed  by  Mr.  Gilbert,  who  interpreted  the  hori- 
zontal structure  of  this  bold  mountain  as  determined  by  faults  on 
both  sides,  the  mountain  being  an  upthrust  block  between  the  two. 
Considering  the  change  in  attitude  between  the  south  and  north  ends, 
however,  it  may  also  be  that  the  mountain  represents  part  of  a  fold 
whose  strike  diverges  slightly  from  the  trend  of  the  ridge. 

PANCAKE    RANGE. 
TOPOGRAPHY. 

The  northern  end  of  the  Pancake  Range  Ywa  just  east  of  Eureka, 
where  it  terminates  in  White  Pine  Valley.  North  of  this  termination 
and  across  the  valle}^  is  Coal  Burner  or  Bald  Mountain,  a  prominent 
eminence  which  appears  to  be  in  geologic  continuity  with  the  Pancake 
Range,  but  which  is  more  closely  connected  topographically  with  the 
southern  end  of  the  Humboldt  Range.  To  the  south  the  Pancake  Range 
extends  in  a  straggling  fashion  as  far  as  Twin  Springs,  a  distance  of 
about  100  miles,  with  a  general  trend  a  little  west  of  south.  At  Twin 
Springs  a  narrow  pass  separates  the  Pancake  Range  from  the  Reveille 
Range,  farther  south.  There  is,  however,  no  real  break  in  the  topo- 
graphic continuity  here,  and  the  distinction  is  therefore  scmiewhat 
arbitrary. 

The  Pancake  Range  is  low  and  without  striking  relief,  as  its  name 
indicates.  The  northern  end  of  the  range  consists  in  part  of  lime- 
stone ridges  with  general  northwest  trends,  diagonal  to  the  trend  of 
th<^  range.  Flanking  these  limestone  ridges  are  somewhat  dissected 
but  nev(^rthcless  level-topped  volcanic  mesas.  South  of  the  road 
l)ctw('en  Eureka  and  Hamilton  is  a  considerable  area  of  shaly  Devo- 
nian rocks,  which  are  eroded  into  low  smooth  hills.  About  8  or  10 
miles  farther  south,  with  the  covering  uj)  of  the  stratified  rocks  by 
later  eruptives,  a  cori-esponding  change  in  the  topography  takes 
place.  The  single  main  ridge  divides  into  a  numlxir  of  irregular 
parallel  ridges  and  the  low  smooth  hills  change  to  higher  ones  which, 
though  sometimes  rounded,  are  often  sharp  or  conical.  The  tops  of 
these  hills  often  join  to  fonn  a  general  mesa.  This  type  of  topog- 
raphy extends  to  the  extreme  southern  end  of  the  range. 

SEDIMENTARY  ROCKS. 
CARBONIFEROUS. 

In  the  northern  end  of  the  range  limestones  and  conglomerate's  asso- 
ciated with  thin  seams  of  impure  coal  have  been  r^^^^vl^vX..*    'Wv^'^s^ 
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limestones  contain  numerous  species  of  Car])oniferous  fossils.  The 
writer  also  oollecteil  Upper  Carboniferous  fossils  from  the  vicinity  of 
the  roacl  which  crosses  the  Pancake  Mountains  between  Eureka  and 
Hamilton.  One  locality  afforded  the  following  species,  which  were 
determined  by  Dr.  Girty: 

FnBnlina  cylindrica. 
Fistuliiwra  V  sp. 
Derbya  sp. 

Chonctes  vemetiilianus. 
Rhipidomella  pecoei. 
Pr<xliictii8  sp. 
PrCKlnctiuj  nebraskensis  ? 
Margin!  fera  mnricata  V 
St^mlTinla  Hiibtilitti  ? 

Another  locality,  about  2  miles  southeast  of  the  first,  yielded 
Cho'fei/'.s  miUeporaceius^  Spirifer  rockxjmontanus^  Phillips  in  sp. 

These  fossils  were  in  shaly  gray  limestone,  which  wjis  overlain  by 
more  mas^ve  limestone,  interstratilied  with  occ^isional  belts  of  con- 
glomerate containing  i>ebbles  of  quartzite  and  chert. 

DF.VONIAN. 

South  of  the  road  mentioned  come  in  the  sandy  and  limy  shales  of 
the  Devonian  White  Pine  formation."  This  shale  is  associated  with 
l>eds  of  brown  sandstone  which  contains  plant  remains. 

TERTIARY. 

On  the  west  side  of  Hastings  Pass,  in  the  Humboldt  Range,  near 
the  northern  end  of  White  Pine  Valley,  are  sediments  to  which  was 
given  the  name  of  the  Humboldt  Pliocene,  and  which  were  descril)ed 
and  mapiMMl  by  the  Fortieth  Parallel  Survey.  These  l)eds  were 
examined  by  the  writer  and  were  found  to  consist  largely  of  limestone 
fragments  derived  from  adjac(»nt  Silurian  rocks.  Tlu»y  abut  against 
the  mass  of  the  Humboldt  Range  in  such  a  manner  as  to  show  that 
this  range  formed  their  shore  line  and  that  th(\v  were  deposits  formed 
when  the  valley  had  practically  its  i)resent  shape. 

In  other  parts  of  the  valley  the  Pliocene  deposits  are  generally 
covered  with  Pleist(M»i»ne  accumulations,  and  are  therefore  not  dis- 
cern ibl(».  Along  the  Pancakes  Range,  however,  on  the  east  side  of 
the  extreme  southern  end  of  Little  Smoky  Valley,  stratified  deposits 
similar  to  those  on  the  flanks  of  the  Huml>ol'lt  Range  were  found, 
forming  a  fringe  around  the  mountains. 

At  Twin  Si)rings  the  canyon  which  has  been  worn  transvei*sely  across 
the  mountains  exposes  a  section  of  Tertiary  stratifie<l  rocks,  l^'ing 
betwecMi  the  Tertiarv  volcanics.  The  section  shows  rhvolite  at  the 
b/is<».     Above  this  comes  several  luin<lre(i  feet  of  horizoiitallv  l)edded 
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wat^r-laid  semicompact^d  Siindstones,  apparently  derived  from  the 
rhyolite.  At  the  top  of  this  stratified  series  the  white  sands  change 
to  stratified  tuffs  and  gravels,  brown  in  color  and  evidently  derived 
from  basic  lava  such  as  immediately  overlies  them.  This  lava  is  a 
solid  dark -colored  basalt,  which  forms  the  uppermost  member  of  the 
series. 

PLEISTOCENE  LAKE  DEPOSITION. 

At  several  points  the  marks  of  a  comparatively  recent  lK>dy  of 
wat^»r,  oc(*upying  a  large  part  of  Big  Smoky  and  White  Pine  valleys, 
were  observed.  On  the  east  side  of  the  Diamond  Range,  about  10 
miles  north  of  Pinto  Creek,  distinct  terraces  were  observed  in  the 
detritus  at  the  base  of  the  mountains.  These  terraces  are  several  in 
number  and  are  50  or  (50  feet  above  the  valley  floor.  Also  about  15 
miles  south  of  Fish  Creek  a  regular  bench  c(miiK>sed  of  lava  debris 
was  noted  on  both  sides  of  the  valley,  about  15  feet  above  the  smooth 
mud  dei>osits  of  the  valley  bottom.  Farther  north,  at  a  point  on  the 
Pancake  Range  just  south  of  tlie  road  between  Kureka  and  Hamilton, 
at  the  mouth  of  a  gap  in  the  hills,  a  definite  beach  bar  was  noticed, 
such  as  forms  along  gently  sloping  shores  at  tlie  mouths  of  inlets. 

There  was  tlienjfore  probably  a  Pleistocene  body  of  wat^r  which 
spread  over  the  greater  part  of  J^ittle  Smoky  and  Whit^  Pine  valleys. 
Th(^  shore  marks  above  mentioned  indicate  t  hat  this  lake  was  shallow. 
The  final  renuiins  of  the  Pleisto<*ene  lake  may  be  considered  as  still 
existing  in  tlu^  numerous  marshy  ponds  which  are  scattereil  through 
the  Wliite  Pino  Valley  north  of  the  Pancake  Range. 

(*ULCH    DUMPS   OR   ALLUVIAL   FANS. 

Along  tlie  line  of  junction  of  the  mountains  with  the  valleys,  and 
occasionally  forming  the  low  foothills,  are  sometimes  observe<l  accu- 
mulations of  detritus  which  rise  above  the  level  valley  floor,  and 
which  have  such  relation  to  the  gulches  of  the  mountains  al)ove  that 
it  is  plain  their  materials  have  l)een  derived  from  their  erosion;  and 
in  some  causes  it  seems  that  the  amount  of  material  in  these  dumi)s  is 
a  v(»ry  large  portion  of  that  which  Jias  l)een  removed  in  the  excava- 
tion of  the  gulches.  Where  this  material  is  exposed  at  the  surface,  it 
is  foun<l  to  be  angular  and  bearing  other  marks  of  having  ])een 
brought  down  by  torrents. 

These  accumulations  are  (•ertainly,  in  i)art  at  least,  J^leistocenc*,  and 
are  being  a<lded  to  at  present.  However,  they  antedate  largely  the 
Pleistocene  water  body  al>ove  described.  They  are  therefore  Pliocene- 
Pleistocene,  and  are  largely  contemporaneous  with  the  water-laid 
deposits  which  occur  at  lower  altitudes. 

IGNEOUS  ROCKS. 

At  the  northern  end  of  the  I^ancake  Range  a  iKMly  of  rl\ycNl\i^  ^vvc\s>ss 
the  western  half  of  the  mountains  and  c^-xXjC^tvCi^  «»  Iwc  ^«>aJvV  vns^'Ocv^ 
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road  between  Kiiivka  and  Uainillou.  A  hhorl  diHlanee  south  of  this 
road  andesite  comes  in  in  considerable  patolies."  Tliis  andesite  was 
observed  by  the  writer  at  intervals  for  a  distance  of  10  or  15  miles 
south  of  heiv.  It  is  here  generally  mixed  up  with  small  areas  of  rhyo- 
lite.  Still  farther  south  rhyolite  seems  to  form  the  greater  part  of 
the  range  (PI.  V,  B),  In  the  neighborho(Kl  of  Twin  Springs,  as  men- 
tioned above,  the  rhyolite  occurs  at  the  base  of  the  section  and  basalt 
at  the  top. 

STRUCTURE. 
FOLDINO. 

The  area  of  Wiiite  Pine  Devonian  rocks,  alM>vc  d<\scrilKMl,  forms  a 
shallow  syncline  whidi  appanMitly  gives  place  to  a  gentle  anticline 
farther  noilh,  and  there  exposes  the  Carboniferous  limestones.  It  is 
l>ossible,  however,  that  it  is  a  fault  which  brings  up  tliese  limestones. 
The  syncline  has  a  general  northwest  strike  and  is  plainly  continuous 
with  the  faulted  syncline  of  the  Eureka  district,  just  acToss  the  valley, 
wliich  has  Newark  Mountain  on  it«  ejistern  limb  and  the  Alhambra 
Hills  on  its  western.  This  syncline  may  be  tnicxnl  across  the  Pancuke 
Mountains  and  jicross  the  int(^rvening  low  hills  to  the  White  Pine 
Range,  its  strike  being  at  an  angle  to  the  general  trend  of  the  major 
ridges,  although  the  minor  ridges  conform  to  it. 

FAULTING. 

The  ri)[x»r  C/arl)<)niferous  limest<>n(\s  on  the  road  across  the  rjinge, 
l>etween  Eureka  and  Hamilton,  have  perhaps  b<H»n  brought  to  their 
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present  position  by  an  east-W(»st  fault,  transverse  to  th«.  trend  of  the 
rang<»,  for  tluMr  relatitm  to  the  Devonian  rocks  just  south  of  here  c^n 
not  1m*  readily  explained  by  the  folding. 

The  a(*companying  section  (tig.  (I)  shows  \\w  struct un»  of  the  Pan- 
cake Mountains  at  Twin  Springs.  There  has  been  practically  no 
folding  Ikmv,  (except  where  the  beds  have  b(»cn  locally  crumpled  by 
overriding  sheets  of  lava.  A  series  of  faults  was  observed,  some  of 
which  have  a  throw  of  several  hundre<l  f(H»t.  Tlu»  fault  lines  are 
nrcow}>i\}Ui^{\  by  gullies,  but  not  by  fault  s<'arps. 

"S**v  3f«»n.  ('.  S.  Utjol.  Survey  Vo\.  XX,  AWvvh  s\\v>x'V  \. 
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COAL. 

In  the  northern  end  of  the  Pancake  Range  the  Carboniferous  rcxjks 
carry  thin  seams  of  impure  coal,  which  have  been  in  vain  explored 
for  marketable  material.  ^ 

DIAMOND  RANGE. 

The  Diamond  Range  may  be  somewhat  arbitrarily  defined  as  begin- 
ning at  Railroad  Canyon  on  the  north,  and  extending  southward 
through  the  Eureka  Mountains  to  Fish  Creek.  South  of  Fish  Creek 
comparatively  low  mountains  occur.  No  decided  break  separates 
these  from  the  Eureka  Mountains,  but  they  are  more  closely  associ- 
ated with  the  Hot  Creek  Range,  and  will  be  descrilwd  in  the  latter 
connection. 

TOPOGRAPHY. 

The  main  part  of  the  Diamond  Range,  from  its  northern  end  to  the 
vicinity  of  Eureka,  consists  of  a  single  narrow,  somewhat  regular 
ridge,  whose  divide  is  in  the  center.  This  is  sharply  cut  up  on  both 
sides,  so  as  to  present  a  succession  of  well-defined  peaks,  with  deep 
drainage  channels. 

In  the  neighborhood  of  Eureka  this  simple  toi)ographic  struc^turo 
changes  to  a  more  complicated  one,  which  is  the  expression  of  a 
geologic  structure  more  comi>licated  than  that  to  the  north.  The 
mountains  in  the  vicinity  of  Eureka  ai'e  considerably  folded,  and  are 
traversed  by  numerous  faults,  which  run  in  several  directions.  The 
result  of  the  erosion  of  this  structurally  complicated  region  is  that 
there  have  arisen  many  separate  mountain  ridges,  and  the  total  width 
of  the  range  has  increased. 

South  of  the  Eureka  Mountains  the  range  is  composed  of  a  single 
narrow  ridge  of  stratified  rocks,  which  seem  to  resume  the  compara- 
tively simple  structure  of  the  northern  portion.  Just  south  of  hei'o 
the  sedimentaries  are  buried  under  thick  sheets  of  lava. 

SEDIMENTARY   ROCKS. 

At  the  nothern  end  of  the  Diamond  Range,  at  Railroad  Canyon, 
the  rocks  have  Ixjen  described  by  Mr.  Hague''  as  light  cn^ani-colored 
limestones  dipping  to  the  north  under  sheets  of  basalt:  These  lime- 
stones are  mapped  by  the  Fortieth  Parallel  geologists*'  as  the  Lower 
Coal  Measures. 

The  writer  traveled  along  the  easterly  face  of  the  Diamond  Range, 
from  a  point  just  west  of  Hastings  Pass,  in  the  Humboldt  Range,  to 
the  southern  termination.     At  the  northern  end  of  the  travel's!^  a  soc- 


«» Mon.  U.  S.  Ge*)l.  Survey  Vol.  XX,  p.  ft"). 

b  U.  8.  GeoL  Expl.  Fortieth  Par.,  Vol.  U,  p.  540. 

<*Idem,  Atlas,  map  4,  we«t  half. 
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tioii  of  strata  is  visible,  which,  in  default  of  opportunity  for  examina- 
tion, was  pi'ovisionally  supposed  to  have  the  Devonian  Whit«  Pine 
shale  of  Eureka  at  the  base,  with  the  Carlwniferous  Diamond  Peak 
quartzite  above. 

The  thickness  of  the  exposures  of  these  two  formations  was  roughly 
estimated  at  from  2,000  to  2,500  feet.  Above  this  section  were 
observed  comparatively  massive  limestones  which  were  taken  to  be 
the  Lower  Coal  Measures  limestones,  and  of  these  an  estimated  thick- 
ness of  4,0(X)  feet  was  observed.  Above  these  again  are  heavy 
brown-weathering  massive  rocks  forming  the  precipitous  crest  of  the 
range  for  a  long  distance.  These  were  thought  to  belong  to  the  WebiT 
formation.  About  1,500  feet  of  this  was  visible,  the  top  not  being 
seen.  Mr.  Hague*'  notes  that  at  Chokup  Pass,  which  is  within  the 
above  section,  limestones  occur  in  which  no  fossils  were  found.  *'In 
the  limestone  occurs  a  belt  of  coarse,  although  compact,  brownish- 
yellow  sandstone,  not  unlike  the  sandstone  body  at  White  Pine,  which 
lies  at  tlie  base  of  the  Coal  Measures  limestone.  It  measures  nearly 
300  feet  in  thickness."  This  is,  perhaps,  the  Diamond  Peak  quartz- 
it«,  {IS  it  was  afterwards  called  by  the  geologists  who  studied  the! 
Eureka  district. 

South  of  Chokup  Pass  the  same  formations  occur.  In  the  eastern 
foothills  the  Diamond  Peak  quartzite  outcrops,  brown,  iron  stained, 
friable,  and  calcareous,  resembling  exactly  the  same  formation  as 
exposed  in  the  Egan  Range,  in  the  canj'^on  west  of  Ely.  The  quartzite 
becomes  at  times  a  conglomerate,  containing  i>ebble8  of  chert  and 
limestone.  It  is  possible  that  this  conglomerate  indicates  an  erosion 
interval  between  the  Carboniferous  and  the  underlying  Devonian. 

A  few  miles  farther  south,  the  strike  of  the  Diamond  Peak  quartz- 
ite having  carried  it  temporarily  under  the  valley  detritus,  the 
eastern  foothills  are  comi)osed  of  the  overlying  dark-blue  limestone 
with  chert  nodules.  This  limestone  carries  the  following  abundant 
fauna,  determined  as  Upper  Carboniferous  by  Dr.  Girty; 

Fistulipora  ?  sp. 
RliomlK)i>ora  leindodendroides. 
Archseocidaris  Hp. 
Prcxliictiis  pratteuianiis. 
Prodiictiis  semireticiilatiis. 
Prcnlnctus  iiehraskensis. 
PrcKliictiis  iievadeusis  ?. 
Spirifer  iKK^nensis. 
Seuiiinila  subtilita. 
Fish  scale. 

Still  farther  south  a  change  in  the  structure  brings  in  the  Diamond 
Peak<|uartzite  again,  together  with  the  underlying  Devonian  rocks, 
and  the  strata  rise  rapidly  to  the  top  of  the  range. 

In  Chihuahua  Canyon,  which  lies  to  the  east  of  Diamond  Peak, 
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slightly  fetid  limestone  was  found,  and  at  a  point  about  1,000  feet 
above  the  bottom  of  the  series  exposed  were  Devonian  fossils,  as 
determined  by  Dr.  Girty. 

Ampbipora  ?  sp. 
Spirifer  engelmanni. 
Spirifer,  indeterminable. 
Spirifer  maia  (small  variety)  ?. 
Atrypa  missonriensis. 

This  is  part  of  the  Nevada  limestone,  for  the  Devonian  White 
Pine  shales  come  in  about  500  feet  above. 

South  of  here  the  geology  has  been  thoroughly  worked  out  during 
the  survey  of  the  Eureka  mining  district,  which  survey  embraces  the 
region  from  Diamond  Peak  on  the  north  to  White  Cloud  Peak  on  the 
south. 

Within  this  area  is  found  exposed  the  l>est  Paleozoic  section  yet 
studied  west  of  the  Rocky  Mountains,  comprising  strata  from  the 
Prosi)ect  Mountain  Cambrian  quartzite,  through  the  Cambrian,  Silu- 
rian, Devonian,  and  Carboniferous.^ 

South  of  the  Eureka  mining  district  projier,  the  single  ridge  into 
which  the  mountains  contract  is  shown  in  the  geologic  map  of  the 
Eureka  district*  to  be  composed  of  the  Silurian  Pogonip  limestone. 
This  limestone  extends  farther  south  till  covered  up  by  volcanic  flows. 

IGNEOUS  ROCKS. 

At  the  northern  termination  of  the  Diamond  Range  the  stratified 
rocks  are  overlain  by  flows  of  basalt.*^  Between  this  point  and  the 
region  around  Eureka  no  igneous  rocks  were  observed.  The  Eureka 
district,  however,  has  been  the  seat  of  volcanic  activity.  Among  the 
volcanic  rocks,  homblende-andesite,  dacite,  rhyolite,  pyroxene-ando- 
site,  and  basalt  have  been  described  by  Mr.  Iddings.^  Granite-por- 
phyry is  also  found  as  a  dike  rock. 

The  volcanic  rock  which  occurs  at  the  southern  termination  of  the 
range  has  been  determined  by  the  writer,  a  few  miles  farther  south, 
to  be  rhyolite. 

STRUCTURE. 

North  of  the  Eureka  district  the  stratified  rocks  of  the  Diamond 
Range  are  bent  into  a  series  of  gentle  folds  which  in  general  strike 
nearly  with  the  ti-end  of  the  range.  In  the  region  between  Chokup 
Pass  and  Railroad  Pass  these  folds  seem  to  consist  of  an  anticline  on 
the  east  side,  with  its  eastern  limb  almost  buried  by  the  detritus  of 
the  valley,  followed  by  a  shallow  broad  syncline  to  the  west,  and  this 

« Arnold  Hague,  Geologfyof  the  Eureka  district,  Nevada:  Mod.  U.  S.  Geol.  Survey  Vol.  XX; 
C.  D.  Walcott,  Paleontologry  of  the  Eureka  district  Mon.  U.  S.  Geol.  Survey  Vol.  Vlll. 
bMon.  U.  S.  G^eol.  Survey  Vol.  XX,  Atlas  sheet  4. 
<?  Arnold  Hague,  U.  S.  G^eol.  Expl.  Fortieth  Par.,  Vol.  II,  p.  649. 
dMon.  U.  S.  Oeol.  Survey  Vol.  XX,  p.  283  et  seq. 
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in  turn  by  an  important  anticline  wliicli  seems  to  form  the  western 
edge  of  the  mountains. 

At  Chokup  Pass  Mr.  Hague"  notes  the  genei-al  anticlinal  structure 
of  the  mountains,  the  summit  of  the  anticline  occupying  the  crest  of 
the  pass.  This  is  the  same  anticline  as  has  just  been  noted  as  form- 
ing the  western  face  of  the  mountains  to  the  north  of  the  pass,  the 
slight  divergence  of  the  strike  of  the  fold  from  the  tren<l  of  the  moun- 
tain bringing  the  fold  to  this  place.  Farther  south  the  continued 
divergence  brings  the  axis  of  this  anticline  at  one  point  down  to  the 
easternmost  foothills.  As  a  consequence  of  this,  the  syncline  and 
anticline  which  lie  to  the  east  are  covered  by  valley  detritus.  Farther 
south  still,  as  one  approaches  the  vicinity  of  Diamond  Peak,  the  trend 
of  the  folds  changes  slightly  and  again  brings  the  crest  of  the  eastern- 
most anticline  to  the  summit  of  the  range. 

South  of  Diamond  Peak  the  country  in  the  neighborhocMl  of  Eureka 
is  a  region  of  special  dynamic  disturbance,  and  is  folded  and  faulted 
to  a  remarkable  degree.  Except  in  this  district,  however,  no  faults 
have  been  observed  in  the  range. 

RELATION   OF  STRUCTURE  TO  TOPOGRAPHY. 

North  of  the  Eureka  district  the  structure  has  l)een  so  far  influ- 
ential that  the  trend  of  the  range  corresponds  nearly  to  the  general 
strike. 

In  the  Eureka  district  the  complicated  topography  is  dependent 
up<m  the  increased  complications  in  the  geology,  but  the  forms  appor.r 
to  be  directly  due  to  differential  erosion.  Most  of  the  faults  here  ai-e 
oblique  to  the  general  trend  of  the  range.  Along  these  faults  valleys 
or  canyons  ai*e  sometimes  found,  and  sometimes  moderate  scarps; 
but  that  these  latter  are  due  to  differential  erosion  is  shown  by  the 
fact  that  it  is  sometimes  the  downthrown  side  of  the  fault  that 
appears  as  a  scarp  and  sometimes  the  upthi'own,  depending  upon  the 
nature  of  the  beds. 

ORES. 

The  whole  district  around  Eureka  has  been  the  site  of  abundant 
ore  deposition,  a  phenomenon  plainly  connected  with  the  dynamic 
disturbances  which  have  brought  about  the  complicated  folding  and 
faulting  (and  indirectly  the  topography)  and  with  the  volcanic  out- 
bursts. The  ore  detK)sits  of  Eureka  have  already  been  thoroughly 
studied.''  Outside  of  this  region  the  range  is  not  remarkably  ore 
bearing. 

HOT  CREEK  RANGE 

The  Hot  Creek  Range  is  separated  at  its  south  end  by  a  narrow 
pass  from  the  Kawich  Range,  which  otherwis<^  is  continuous  with  it. 


aU.  S.  GtsA  Expl.  Fortieth  Par.,  Vul   II.  \y  ;VJ<> 
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From  here  it  runs  north  70  miles  and  disappears  in  a  valley  a  few 
miles  south  of  the  latitude  of  Eureka.  In  the  same  line,  farther 
north,  occurs  the  PiSon  Range.  The  northern  continuation  of  the 
Hot  Creek  Valley  divides  the  mountains  into  an  east  and  a  west  half. 
The  western  half  is  the  continuation  of  the  Hot  Creek  Range  proper, 
while  the  eastern  one  runs  north  and  joins  the  Eureka  Mountains. 

SEDIMENTARY   ROCKS. 
SILURIAN. 

At  the  eastern  end  of  the  canyon,  <at  Hot  Crock,  the  following  s(*c- 
tion  was  observed,  lieginning  with  the  bottom: 

Section  at  Hot  Creek. 

F«»ot. 

1.  Thin-bedded,  dark-blue  frosty-liistered  limestone,  calcite- veined,  with 

imi)erf ect  fossil  remains 400 

2.  Massive  white  qnartzite 400 

3.  Thin-bedded  davk-blne  limestone 200 

4.  Shales  mixed  with  thin-bedded  limestone _ 1 ,  000 

5.  Massive  light-gray  coarsely  crystalline  limestone,  constituting  the  top  of 

the  mountain 500 

Three  miles  west  of  this  locality',  at  the  ranch  near  Hot  Springs, 
there  comes  in,  below  bed  No.  1,  more  massive  siliceous  light-gray, 
coarsely  crystalline  or  aphanitic  limestone  alx)ut  600  feet  in  thick- 
ness. This  makes  about  1,000  feet  of  limestone  in  all  below  the 
quartzite. 

From  the  first-named  locality,  at  a  x)oint  about  200  feet  below  the 
quartzite,  Ordovician  fossils  were  obtained.  The  following  were  deter- 
mined by  Professor  Ulrich : 

Amphion  (sp.  near  A.  salteri  Billings). 

nisenus  (sp.  near  I.  americanus.  ccmsimilis,  and  cra.ssic4iuda) . 

Bathyurus  sp.  undet. 

Lei)erditia  bivia  White. 

Leperditia  n.  sp. 

Aparchit«s  sp.  undet. 

Primitia  (sp.  near  P.  celataUlr.). 

Primitia  (?  Eurychilina)  n.  sj). 

Eury(*hilina  (near  E.  snbaHiuata)  Ulr. 

Sohmidtella  n.  sp. 

Thlipsnra?  n.  sp. 

Modiolopsis  occidens,  Walcott. 

Maclurea. 

Tetranota  (n.  sp.  near  T.  olisoleta  Ulr.). 

Lophosjnra  (cfr.  medialis  Ulr.). 

Pleurotomaria  ?  lonensis  Walcott. 

Triptoceras  sp.  undet. 

Orthis  n.  sp.  (near  O.  holstoni  Safford). 

Dalmanella  jiogonipensis.  H.  and  W. 

Batostoma.  sp.  undet. 
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It  is,  then,  plain  that  the  quartzite  is  the  Enreka  qnartzite  of  the 
Eureka  section,  while  the  limestone  below  corresponds  to  the  Pogonip 
formation  and  that  above  to  the  Lone  Mountain.  We  have  here 
a  section  of  about  3,100  feet  of  Silurian  rocks,  comprising  1,000  feet 
of  the  Pogonip,  400  feet  of  the  Eureka,  and  1,700  feet  of  the  Lone 
Mountain. 

A  few  miles  south  of  the  above  locality,  in  the  next  canyon  to  the 
south  of  Hot  Creek,  there  were  collected  from  the  limestones  above 
the  quartzite  the  following  Upper  Silurian  fossils  (Niagara  ?),  as  deter- 
mined by  Professor  Ulrich : 

Halysites  catennlattis,  large  variety. 
Halysites  catennlattis,  small  variety. 
Favosites  (ramose  species). 
Sjrringopora  sp.  nndet. 
Amplezns  sp.  nndet. 
Cyathophyllnm  sp.  nndet. 
Zaphrentis  ?  sp.  nndet. 
Rhynchonella  sp.  nndet. 

At  Tylx),  about  15  miles  south  of  Hot  Creek,  and  also  on  the  east 
side  of  the  range,  the  rocks  appear  to  be  mainly  massive  dark-blue 
limestones  with  a  general  westerly  dip.  This  locality  was  not  visited, 
but  a  single  fossil  obtained  from  these  limestones  was  regarded  by 
Dr.  Girty  as  probably  Ordovician,  Mai-lurea  anniilata  9 

From  TylK)  to  the  south  end  of  the  range,  just  west  of  Twin  Springs, 
in  the  Pancake  Range,  the  east  half  of  the  mountains  is  entirely  com- 
posed of  similar  limestones.  At  the  extreme  south  end  the  limestones 
are  overlapped  by  the  rhyolites  of  the  Kawich  Range,  which  have 
altered  tlie  sedimentary  rocks.  No  fossils  were  found  at  this  point, 
but  a  specimen  of  the  limestone  was  seen  under  the  microscope  to  be 
made  up  of  tiny  indeterminable  organic  remains. 

TERTIARY. 

On  the  eastern  side  of  the  range,  extending  from  Hot  Creek  a  num- 
ber of  miles  in  both  directions,  are  gray  hills  composed  of  partly 
consolidated  coarse  gravel  and  grit.  This  material  often  overlies 
rhyolite,  from  which  it  is  partly  derived,  and  it  rests  against  the  steep 
eroded  base  of  the  limestone  mountains.  The  material  is  evidently 
waterlaid.  The  same  formation  stretches  southwaiti  and  is  visible 
near  Tybo  as  a  strip  of  yellow  dissected  hills.  At  the  pass  between 
the  Hot  Creek  Range  and  the  Kawich  Range  are  large  amounts  of 
horizontally  stratified  white  waterlaid  deposits  composed  of  rhyolitic 
fragments.'* 

This  formation  is  evidently  the  same  as  described  in  the  neighbor- 
hood of  Twin  Springs,  in  the  Pancake  Range,  a  few  miles  to  the  east. 


oThiH  formation  Ih  chiofly  inolnded  under  the  color  for  volcanic  rocks  on  the  map.    The  nar- 
row atrip  near  Tybo  is  not  reiiresented. 
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IGNEOUS  ROCKS. 
LAVAS. 

The  whole  north  end  of  the  Hot  Creek  Range,  beginning  with  a 
point  a  few  miles  north  of  Hot  Creek,  is,  so  far  as  known,  composed 
entirely  of  volcanic  rocks,  including  both  rhyolite  and  basalt.  There 
has  been  much  erasion  since  the  outpouring,-resulting  in  the  carv- 
ing  of  considerable  valleys  and  the  formation  of  large  gulch  dumps 
(alluvial  fans)  at  their  mouths,  exactly  as  in  the  case  of  tlie  stratified 
rocks.  In  places,  also,  erosion  has  stripped  away  the  upper  layers  of 
lava  and  ash  and  has  exposed  symmetrical  volcanic  cones,  which  have 
been  preserved  by  this  protecting  covering.  PI.  V,  B,  is  a  photograph 
of  such  a  cone.  The  number  of  these  small  cones  and  the  abundance 
of  ash,  together  with  the  thinness  of  the  lava  sheet,  show  that  the 
volcanic  rock  in  this  region  came  from  many  separate  explosive 
vents. 

In  the  neighborhood  of  Hot  Creek,  as  before  stated,  th(»  eastern  half 
of  the  range  contai  ns  a  considerable  area  of  Silurian  rocks.  However, 
rhyolite  is  found  at  thc^  extreme  eastern  base,  and  the  whole  western 
half  of  the  mountain  at  this  point  is  composed  of  several  thousand 
feet  of  the  same  rock.  From  here  to  the  southern  end  of  the  range 
the  western  part  is  of  volcanic,  while  the  eastern  half  is  mostly  strata 
ified.  At  the  southern  end  the  rhyolite  mantles  an)und  to  the  east  to 
join  the  lava  of  the  Kawich  Range. 

STRUCTURE. 

In  Hot  Creek  Canyon  the  Silurian  rocks  form  an  anticlinal  fold, 
broken  by  two  or  three  normal  easterly  dipping  faults.  The  first  of 
these  faults  occurs  at  the  eastern  end  of  the  canyon,  and  by  it  the 
strata,  including  the  Eureka  quartzite,- are  down-faulted  to  the  east 
200  or  300  feet.  This  fault  was  also  noted  in  the  first,  canyon  south  of 
Hot  Creek.  Three  miles  farther  west  occurs  a  second  parallel  fault. 
This  fault  has  a  vertical  separation  of  about  1,000  feet,  as  marked  by 
the  Eureka  quaHzite,  upthrown  on  the  west.     (See  fig.  7.) 

From  Hot  Creek  to  the  southern  end  of  the  range  the  structure  was 
not  carefully  examined,  but  for  nearly  the  whole  wa}'^  tlie  limc^stones 
can  be  seen  to  dip  in  general  westerly  at  an  angle  of  from  l.^""  to  20°. 
It  is  probable  that  this  dip  represents  the  westerly  limb  of  the  anti- 
clinal fold  exposed  in  Hot  Creek  Canyon. 

ORES. 

Along  Hot  Creek  Canyon  are  some  vertical  zones  in  which  rich  pock- 
ets of  ore  are  said  to  have  been  found.  These  zones  are  apparently 
ancient  channels  of  the  hot  springs,  which  still  exist.  South  of  this 
point  the  rocks  are  more  or  less  mineralized  all  the  way  to  Tybo,  where 
there  are  some  important  ore  deposits. 
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The  Piilon  Range  is  meDtioned  in 
this  report  only  because  itH  soathem 
end,  whieh  extends  beyond  the  south- 
em  limit  of  the  Fortieth  Parallel 
maps,  is  included  in  the  accompany- 
ing map.  The  writer  did  not  visit 
this  range,  and  the  following  slight 
Huromary  is  taken  chiefly  from  the 
work  of  the  Fortieth  Parallel  geol- 
ogists. 

TOPOGBAPffT. 
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The  range  consists  of  a  single  main 
ridge,  which  is  conspicuous  north  of 
the  fortieth  parallel  and  lies  next 
west  of  the  Ilumlwldt  Range.  Far- 
ther south  tlie  Diamond  Rangecomes 
in  between  the  two.  Near  this  point 
the  Piilon  Range  becomes  lower,and 
its  trend  changes  from  south  tosonth- 
casterly,  so  that  it  swings  around 
and  joins  the  Diamond  Range  near 
Kureka. 

KEniMENTARV    ROCKS. 

In  the  neighborliood  of  Pinto  Peak 
there  is  exposed  ii  Ihickuess  of  about 
14,000  feet  of  sedimentary  rocks," 
comprising  a  section  from  the  Cam- 
brian up  into  tlie  CarlKtniferons. 
South  of  this  the  range  is  almost  en- 
tirely eomixjsed  of  Devonian  rocks. 
These  Devonian  nx-ks  an'  continu- 
ous soutliward  lo  tlie  junction  mth 
the  Kureka  Mountains.* 
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STRUCTURE. 

As  stat-ecl  by  Mr.  Ilajarue,^  the  range  consists  of  open  anticlinal  and 
synclinal  folds.  South  of  Pinto  Peak  the  structure  is  anticlinal,  the 
axis  of  the  fold  striking  diagonally  across  the  range  S.  25°  E., 
while  the  general  trend  of  the  range  at  this  point  is  west  of  south.  It 
is  likely  that  the  main  anticlinal  fold  of  the  Diamond  Range  is  the 
direct  continuation  of  this  anticline.  Farther  south,  along  the  Piflon 
Range,  this  anticline  gives  wa}^  to  an  adjacent  syncline,  and  farther 
south  again  the  east^^rn  limb  of  this  syncline  is  cut  off  by  the  valley, 
so  that  only  the  western  or  easterly  dipping  limb  remaiiiis.  This  por- 
tion of  the  range,  therefore,  has  the  aspect  of  being  monoclinal. 

A  section  made  by  Mr.  Walcott,*  at  Ravens  Nest,  just  north  of 
Pinto  Peak,  shows  the  structure  as  a  faulted  anticline. 

MONITOR    RANGE. 

The  Monitor  Range  is  a  belt  of  mountains  about  70  miles  long,  lying 
next  west  of  the  Hot  Creek  Range.  It  has  its  northern  end  just 
south  of  the  area  shown  on  the  Fortieth  Parallel  maps.  The  northern 
part  of  the  range,  up  to  within  a  few  miles  of  Altoona  Pjiss,  has  the 
aspect  of  a  grcat  west-sloping  table  which  ends  in  a  scarp  on  the 
west,  facing  the  valley.  At  Alt.oona  Pass  the  range  is  narrower  and 
has  a  very  sharp  summit,  with  a  steep  descent  on  both  sides.  Farther 
south  the  range  grows  lower  and  is  broken  by  freqiient  gaps,  till  it 
passes  into  low  volcanic  hills  and  dies  out  in  the  Ralston  Desert. 

Gilbert^  has  observed  a  single  spur  of  metamorphic  rock  on  the  west 
side  of  the  range  at  its  southern  end.  Otherwise  the  whole  southern 
part  of  the  range,  as  observed  by  Mr.  Gilbert  and  the  w  riter,  is  vol- 
canic. At  Altoona  Pass  the  lava  is  a  siliceous  rhyolite  like  that  of 
the  Hot  Creek  Range. 

It  is  probable  that  this  range  has  been  formed  by  a  seri(»s  of  vol- 
canoes along  a  north-south  line.  The  topography  of  the  southern 
part  of  the  range  (like  that  in  the  southern  parts  of  the  Toquima  and 
Pancake  ranges)  is  extremely  irregular,  consisting  in  part  of  inter- 
rupted mesas  and  ancient  volcanic  cones  defaced  by  erosion.  It  is 
plain  from  this  topography  that  the  lavas  have  escaped  from  many 
different  vents  and  have  flowed  together.  FCrosion  of  the  lava  has 
gone  on  to  a  considerable  extent,  indicating  the  lapse  of  some  time 
since  the  cessation  of  volcanic  activitv. 

WAHWEAH    RANGE. 

The  name  Wahweah  Range  is  applied  to  an  irregular  cluster  of  hills 
west  of  the  so!ithern  end  of  tlie  Piiion  Range  and  just  within  the 
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northern  limits  of  the  accompanying  map.  It  was  not  visited  by  the 
writer,  and  the  following  brief  characterization  is  taken  from  the 
reports  of  the  Fortieth  Parallel  Survey: 

The  range  is  about  30  miles  long  and  at  its  northern  end  consists 
mainly  of  granite,  together  with  a  heavy  body  of  quartzite,  which  was 
referred  to  the  Ogden  Devonian  on  lithologic  grounds,  there  being  no 
fossils.  The  sedimentary  rocks  are  here  flanked  by  flows  of  volcanics, 
which  farther  south  matitle  over  the  stratified  rocks  and  constitute 
most  of  the  surface,  exposing  the  underlying  Paleozoic  only  in  patches.^ 

TOQUIMA  RANGE. 

The  Toquima  Range  is  situated  next  west  from  the  Monitor  Range. 
It  has  a  trend  a  little  east  of  north  and  a  total  length  of  about  80 
miles.  At  its  north  end  it  passes  into  the  level  desert  east  of  Austin, 
and  its  south  end  is  situated  southwest  of  Belmont,  on  the  borders  of 
Ralston  Valley.  The  San  Antonio  Mountains  are  an  irregular  clump, 
south  of  the  Toquima  Range,  and  are  separated  from  this  range  by 
a  gap  only  a  few  miles  wide.  They  are  surrounded  on  all  sides  by 
detritus-covered  plains. 

TOPOGRAPHY. 

The  Toquima  Range  has  comparatively  great  relief.  In  general  it 
consists  of  a  single  ridge  of  moderate  breadth.  At  its  southern  end, 
near  th(»  town  of  Belmont,  this  splits  in  two,  the  main  ridge  trending 
a  little  west  of  south  toward  the  San  Antonio  Mountains,  while  a  minor 
one  diverges  and  runs  in  a  southeasterly  direction  into  the  Monitor 
Range.  Between  the  two  ridges  is  a  low  valley,  filled  with  Pleistocene 
detritus. 

The  range  is  essentially  volcanic,  but  in  places  is  exposed  a  (»ore  of 
Paleozoic  rocks  Ixmeath,  indicating  that  here,  as  in  the  Hot  Creek 
Range,  the  Antelope  Mountains,  and  othei's,  there  existed  a  distinct 
range  of  Paleozoic  roifks  before  the  lava  effusion,  which  has  now 
almost  completely  masked  the  stratified  ro<3ks  and  giv<Mi  the  range  the 
aspect  of  l>eing  primarily  volcanic. 

SEDIMENTARY  ROCKS. 

The  range  was  crossed  by  the  writer  only  at  one  point.  II is  route 
lay  from  the  town  of  Belmont,  around  the  southern  (nid  of  the  range, 
along  the  road  to  Cloverdale.  Along  this  route  no  stratified  rocks 
could  be  seen  in  the  range.  North  of  Belmont  all  is  apparently  vol- 
canic. This  impression  has  l)een  confirmed  by  reconnaissance  notes 
made  by  Messrs.  Gilbert''  and  Emmons. <*     Mr.  Emmons  suggests  that 

"U.  S.  OcK>l.  Expl.  Fortieth  Par.,  Vol.  II,  p.  rm. 
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the  core  of  the  raugo  some  distance  north  of  Belmont  may  l)e  com- 
posed of  stratified  rocks,  but  the  first  point  where  they  have  been 
observed  is  just  east  of  Belmont,  where  oc'curs  a  series  of  black  limy 
slates  and  gray  finely  crystalline  limestone,  banded  black  and  white, 
and  often  siliceous.  The  formation  is  preeminently  a  slaty  one  and 
has  often  the  aspect  of  a  schist.  This  aspect  is  due  to  metamorphism, 
occasioned  b}^  certain  siliceous  dikes  of  the  granitic  family.  One 
great  dike  is  half  h  mile  wide  and  runs  in  a  north-south  direction. 
Near  its  junction  the  shaly  limestones  become  transformed  into  jas- 
peroid,  and  in  places  by  the  development  of  mica  the  rock  passes  into 
mica-schist.  Some  of  the  jasperoid  is  also  schistose,  and  contains 
small  bunches  of  red  and  yellow  metallic  oxides,  whi(*h  give  it  the 
aspect  of  a  knotted  schist. 

The  stratified  rocks  here  are  tilted  at  high  angles.  Where  observed 
by  the  writer  they  were  mostly  vertical,  but  Mr.  Kmmons  found  a 
general  easterly  dip. 

In  the  slates  Mr.  (Gilbert ^  found  graptolitos,  which  ref(*rred  the 
rocks  to  the  Silurian  age.  Acconling  to  Mr.  Walcott,''  the  rocks  prob- 
ably correspond  to  a  part  of  the  up|XM*  Pogonip  formation  of  Eurc^ka. 
Mr.  (Tilbert^  estimates  the  apparent  thickness  of  the  stratin(»<l  scries 
at  Belmont  at  4,000  or  5,000  feet. 

On  the  road  leading  from  Belmont  southwest  toward  Cloveiflale  the 
same  series  of  stratii  is  found  at  the  eastern  basi^  of  the  main  ridge. 
The  chief  rock  is  compm»t  limy  black  slate,  often  metamorphic  and 
schistose,  corresponding  closc»ly  with  the  rocks  just  east  of  Belmont. 
The  metamorphism  is  evidently,  as  in  the  former  case,  coniHH'tcd  with 
intrusive  masses  of  granite  and  rhyolit^.  By  these  the  slate  is  some- 
times transformed  into  an  unsheared  jjisperoid  or  to  a  quartz-schist 
(the  latter  oftt»n  containing  actinolite  and  stauroliU*)  and  sometimes 
into  highly  crystalline  mica-schist.  A  mile  south  of  the  most  north- 
ern outcrop  found  the  shales  are  overlain  by  al)out  200  feet  of  massive 
white  quartzite,  which  is  probably  the  Eureka  formation.  Th<*  ([uartz- 
ites  and  underlying  l)eds  aire  exposed  south  of  here  for -some  distaiu^e 
till  they  disaippear  under  Pleistocene  detritus  on  one  side  and  volcanic 
rocks  on  the  other.  Farther  southwest,  however,  at  the  spring,  is  found 
another  small  patch  of  the  schistose  slates  capped  by  the  quartzit(». 
This  patch  is  surrounded  (m  all  sides  by  rhyolites,  and  is  chiefly  altered 
into  jasperoid  seamed  with  iron. 

Looking  eas^^B^l  from  the  eastern  base  of  the  main  ridge  a  poi't  ion 
of  the  myp^nTige  which  runs  southeasterly  from  Belmont  is  seen  to  l)e 
composed  of  stratified  rocks  similar  to  those  just  described.  Appiir- 
ently  the  schists  and  the  overlying  white  quartzite  can  be  recognized. 
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IGNEOUS   ROCKS. 

The  whole  northern  part  of  the  Toqiiima  Range  appears  to  be  cov- 
ered lip  by  great  flows  of  rhyolite.  Jnst  cast  of  Belmont  the  foothills 
bordering  the  area  of  stratified  rocks  are  composed  of  rhyolite  running 
out  to  the  north  toward  the  main  mass.  Rhyolite  is  also  found  in 
largo  quantities  southwest  of  Belmont.  This  area  stretches  north 
and.  growing  broader,  joins  the  great  mass  which  covers  the  northei*n 
part  of  the  range.  To  the  south  also  it  appears  to  stretch  across  the 
gap  to  the  San  Antonio  Mountains.  Similarl}^  the  rocks  of  the  minor 
ridge  which  runs  southeast  from  Belmont  are  mainly  rhyolitos,  form- 
ing a  continuous  body  with  the  rhyolitos  of  the  Monitor  Range. 

DIKE  ROCKS. 

Near  Belmont  there  is  a  considerable  development  of  coarse-grained 
granitic  rocks.  In  several  cases  these  are  found  to  be  intrusive  into 
the  stratified  rocks.  A  mile  south  of  Belmont  is  an  exposure  of  coarse 
granite-porphyrj'  with  sparse  biotite  and  numerous  large  orthoclase 
phenocrysts  from  2  to  4  inches  long.  This  may  be  continuous  with 
the  great  dike  before  noted  as  running  north  and  south  just  east  of 
Belmont  and  having  a  width  of  half  a  mile. 

The  rocks  of  this  dike,  however,  are  different,  being  finer  grained 
and  in  general  more  siliceous.  They  consist  chiefly  of  quartz  and 
feldspar.  In  some  places  the  rock  becomes  mostly  quartz;  in  others 
mainly  feldspar.  Quartz  veins  are  abundant,  irregular,  and  segrega- 
tional,  and  evidently  are  the  results  of  crystallization  ctintempora- 
neous  in  a  general  way  with  the  crystallization  of  the  rest  of  the  rock. 
Biotite  is  often  sparsely  present,  and  in  some  places  the  rock  contains 
considerable  muscovite  and  even  passes  into  muscovitic  <iuartz  veins. 
Thin  sections  of  the  rock  examined  show  in  one  case  a  fine-grained 
biotite-quartz-monzonite;  in  another  case  siliceous  muscovite-biotite- 
granite,  peculiar  in  having  certain  areas  entirely  of  (luartz.  This 
rock  is  (evidently  closely  related  with  anothei*  which  is  essentially 
comi)()se(l  of  (juartz  and  muscovite,  with  a  little  albite.  This  is  a 
variation  of  th(^  muscovite-biotite-granite,  in  whic^  muscovite  has 
larg(»ly  taken  the  place  of  feldspar.  The  distinction  between  this 
tyi)e  and  the  micaceous  quartz  veins  which  oecil^J^jj||lose  connection 
with  it,  is  not  sharp". 

STRUCTURE. 

Th(»  Silurian  shales  which  occur  just  east  of  Belmont  have  a  strike 
of  N.  '\^>^  W.,  and  changes  from  vertical  to  a  gcn<M'ally  easterly  dip. 
Southwest  of  Pjclniont,  on  the  eastern  side  of  the  main  ridge,  the  same 

"J.  E.  Spurr,  Quartz-nnis<-ovit('  ni<'k  from  B«'lnu»nt,  N«'V  :  Am.  .Tour,  s.i  ,  ith  s«'ric«,  Vojl.  X, 
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rocks  have  a  general  north-south  strike  and  a  westerly  dip  of  2if, 
The  two  locations,  therefore,  may  be  on  the  two  limbs  of  an  anticli- 
nal fold.  The  further  structure  of  the  stratified  rocks  is  concealed 
beneath  the  lava  flows. 

ORES. 

In  the  vicinity  of  Helmont  there  has  been  considerable  ore  deposi- 
tion, which  in  the  time  of  Nevada's  prosperity  made  the  region  one 
of  c(msiderable  wealth.  At  present  the  mining  industry  is  perfectly 
dormant.  During  the  period  of  activity  the  region  was  described  by 
Mr.  Emmons.^  According  to  him  the  ores  occur  generally  in  white 
quartz  veins,  often  several  feet  in  width,  and  consist  i)rin<*ipally  of 
stetefeldtite  (an  argentiferous  oi*e  of  antimony)  with  which  is  com- 
bined lead,  silver,  copper,  and  iron.  The  metallic  minerals  an*  scat- 
tered througli  the  quartz  in  bunches  or  disseminated  particles — rarely 
in  banded  form.  The  veins  are  found  cutting  the  Silurian  shales  and 
limestones,  and  frequently  are  close  to  the  intrusive  granitic  dikes. 

It  api)ear8  to  the  writer  that  there  is  a  genetic  connection  ]>etween 
the  intrusive  rocks  and  the  metalliferous  <iuartz  veins  of  this  dis- 
trict. * 

TOYABE  RANGE. 

The  ToyalMj  Range  lies  next  west  of  the  Toquima  an<l  extends  south- 
ward about  tlie  same  distance.  To  the  north,  however,  it  has  a  great.er 
length,  running  along  the  western  l)order  of  the  desert  into  which  the 
Toquima  Range  merges  at  its  northern  end.  Thus  the  entire  length 
of  the  Toyalxj  Range  is  al>out  100  miles.  It  has  a  uniform  north- 
northeast  trend. 

That  portion  of  the  Toyabe  Range  which  lies  north  of  Austin  has 
been  included  in  the  general  maps  of  the  Fortieth  Parallel  Survey. 
From  Austin  southward  nearly  to  the  southern  end  of  the  range,  the 
mountains  have  been  made  the  subject  of  a  special  study  by  Mr. 
Emmons.*"  The  writer  observed  the  range  at  its  extreme  southern 
end,  and  also  its  western  base,  along  the  valley  which  separates  it 
from  the  closely  adjacent  Reese  River  Range. 

TOPOGRAPHY. 

The  topograi)hy  of  the  Toyabe  Range  is  marked  by  features  of  con- 
siderable contrast,  the  mountains  being  sharp  and  high  and  the  inter- 
vening canyons  deeply  cut.  Throughout  most  of  its  course  the  range 
consists  of  a  single  ridge  in  its  central  portion.  The  southern  ends  of 
this  range  and  of  the  Reese  River  Riiuge  converge  until  they  almost 
uiute. 

^R*©- southern  part  of  the  range  is  essentially  volcanic;  while  the 
rest  is  composed  chiefly  of  granite  and  Paleozoic  strata.     The  erosion 
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of  the  lavas  appears  to  have  been  quite  as  profound  as  that  of  tlie 
stratified  rocks,  showing  that  a  considerable  period  has  elapsed  since 
the  effusion  of  volcanic  material. 

In  the  valley  which  separates  the  southern  end  of  the  Toyabe  Range 
from  the  corresponding  portion  of  the  Reese  River  Range  there  is  a 
high  divide,  separating  the  north-flowing  drainage  of  Reese  River 
from  that  which  flows  south  into  the  desert  plain  at  Cloverdale.  The 
south-flowing  drainage  runs  in  a  canyon  cut  into  the  bottom  of  the 
valley,  with  rhyolite  walls  which  go  up  at  angles  of  from  45°  to  65°  to 
heights  of  700  or  800  feet.  At  its  bottom  is  a  level  floor  covered  with 
wash  and  sagebrush,  and  in  the  center  of  this  floor  is  an  arroyo  5  or 
6  feet  deep.  At  Cloverdale  this  bottom  is  one-quarter  of  a  mile 
across,  while  7  or  8  miles  up  it  is  barely  30  yards.  The  stream  which 
flows  in  this  canyon  is  derived  from  a  spring.  This  case  is  like  one 
described  in  the  Snake  Range  region. 

Another  noteworthy  feature  of  the  erosion  of  this  range,  according 
to  Mr.  Emmons,  is  the  occurrence  of  basins  at  the  heads  of  some  of 
the  canyons,  which  basins,  he  infers,  were  formerly  occupied  by  glaciera. 
At  the  mouth  of  one  of  the  canyons  Mr.  Emmons <*  found  glacial  strije, 
which  strengthened  his  belief.  On  most  of  the  Great  Basin  ranges,  as 
is  well  known,  there  are  no  marks  of  glaciation. 

SBDIMBNTABY   ROCKS. 
CAMBRIAN. 

All  the  stratified  Paleozoic  strata  ot  the  Toyabe  Range  were  mapped 
by  the  Fortieth  Parallel  geologists  as  Carboniferous,  since  (/arbonif- 
erous  fossils  were  the  only  ones  found  in  the  series.  These  occurred 
in  limestones.  Beneath  the  limestones  was  a  thick  series  of  slate.s, 
which  were  regarded  as  the  same  as  those  in  the  Toquima  Range  near 
Belmont.  The  subsequent  finding  by  Mr.  Gilbert  of  fossils  in  the 
Belmont  slates  determined  them  as  Silurian.  Beneath  these  slates, 
in  the  Toyabe  Range,  Mr.  Emmons  has  described  a  series  of  compact 
white  quartaites  with  some  thin  beds  of  white  granular  limestone,  the 
series  being  several  thousand  feet  thick.  The  quartzilcs  underlie  the 
slate  series  in  apparent  conformity,  and  outcroi)  in  places  along  the 
eastern  face  of  the  south  half  of  the  range. 

Farther  north,  lx?yond  Austin,  the  high  mountain  called  X\w  Dome 
has  l)een  described  by  Mr.  Hague''  as  consisting  of  n(»arly  white 
quartzite  l>eds,  which  seem  to  be  bent  inti)  a  broad  anticlinal  fold. 
These  are  overlain  by  l)eds  of  siliceous  and  argillaceous  slate's,  and 
these  by  compact  gray  limestones.  This  is  evidently  tin*  same  se^s 
as  described  by  Mr.  Emmons.  The  thickness  of  the  quartzites  is  ^t 
estimated,  but  must  be  great. 
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No  fossils  were  found  in  these  quartzites,  but  in  the  Eureka  section 
no  such  quartzite  exist  except  that  of  the  basal  Cambrian;  and  the 
position  of  this  series  in  the  Toyabe  liange(a6c?ve)  probable  Silurian 
slates  strengthens  the  belief  that  it  also  is  Cambrian. 

SllAJRlAH. 

As  liefore  noted,  Mr.  Emmons  has  deserilxnl,  ovijrlying  the  heavy 
quartzites,  an  estimated  thickness  of  7,0(K)  feet  of  lime^stone  shah^s, 
with  siliceous  clay  slates,  locally  metamorphosed  into  schistose  rocks. 
Mr.  Emmons  regarded  these  slates  as  the  same  as  at  Belmont.  In 
these  latter  rocks  Silurian  fossils  have  since  lx»en  found.  In  tJie 
Eureka  set^tion  the  thickness  of  the  Silurian  is  estimated  at  r),(MM)  feet. 

This  slate  series  occupies  the  central  jmrtion  of  the  mnjre,  the  gen- 
eral structure  IxMug  anticlinal. 

DEVONIAN. 

Whether  or  not  the  Devonian  exists  in  this  range  is  not  certain. 
The  prew^nce  of  Carboniferous  and  probable  Silurian  makes  it  seem 
very  possible  that  the  Devonian  also  comes  in,  although  it  has  not 
been  recognized. 

CARBONIFEROUS. 

Overlying  the  slato  series  which  has  just.  lK»eii  I'efcrred  to  the 
Silurian,  Mr.  Emmons  <'  has  described  a  compact  dark-bhu^  limestone 
which  lies  conformably  upon  the  slates  and  is  exposed  on  both  flanks 
of  the  range  on  the  two  sides  of  the  general  anticlinal  fold  which  is 
the  chief  structural  f (mature.  In  this  limestone.  Mr.  Emmons  found 
Fusidina  cylindrica  and  Syringopora, 

TERTIARY. 

Near  the  northern  end  of  tht^  range  Mr.  Hague''  has  describt»d, 
beneath  rhyolite,  IkhIs  of  volcanic  ash  which,  although  without  d(»tvr- 
minable  fossils,  he  inferred  to  the  Miocene.  T'ht»se  ImxIs  are  older  than 
the  rhyolite  and  have  beiMi  disturbed,  since  their  deposition,  by  the 
intrusion  of  igneou.s  rocks,  so  that  they  underlie  unccmformably  sup- 
posedly Pliocene  strata,  which  an^  younger  tlian  the  rhyolite*. 

RJNKOUS    KOCKS. 

A  considerable  [)ortion  of  the  Toyabe  llungc  is  iiiadc^  up  of  granite 
and  volcanic  rocks. 

<iRANlTE. 

Mr.  Emmons''  luis  describtMl  live  bo<liesof  granite*,  all  intrusive  into 
Paleozoic  strata.  The  rocks  vary  somewhat  in  t<^xture  ami  composi- 
tion, but  are  generally  markedly  siliceous,  being  char{ict<»rized  by  a 
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lai-j^e  proportion  of  quartz,  an  almost  entire  absence  of  liomblende, 
and  a  small  proportion  of  mica.  Associated  with  the  granite  are  fine- 
grained dikes. 

RHYOLITE. 

Volcanic  rocks  occur  at  intervals  along  the  flanks  of  the  range,  but 
the  most  important  mass  is  at  the  southern  end,  where  for  30  miles  it 
completely  conceals  the  granite  and  the  stratified  rocks. 

Among  the  volcanic  rocks,  rhyolite  is  the  only  one  that  has  any 
very  wide  distribution,  so  far  as  observed.  Mr.  Emmons  notes  that 
rhyolite  occurs  in  exceptioiuilly  large  masses  and  is  of  comparatively 
uniform  coarse  texture,  having  a  granitic  appearance  in  the  hand 
specimen.  At  the  southern  end  of  the  range  the  present  writer  has 
studied  the  rhyolites,  which  are  here  associated  with  tuffs.  The  gen- 
eral type  is  biotite-hornblende-rhyolite,  similar  to  the  lava  which  forms 
the  southern  end  of  the  adjacent  Toquima  Range. 

AUGITK-BASALT. 

In  the  little  valley  which  separates  the  southern  end  of  the  Toyabe 
Range  from  the  Reese  River  Range  there  was  found,  near  the  head 
of  the  Reese  River  drainage,  a  small  area  of  augite-basalt. 

RELATIVK  AGE  OF  THE  IGNEOUS  ROCKS. 

As  in  the  To<iuima  Range,  the  intrusive  granites  of  the  Toyabe 
Range  and  the  rhyolites  show  marked  consanguinity  in  composition. 
Each  is  characterized  by  biotite  as  the  chief  ferromagnesian  mineral. 

The  augite-basalt  is  decidedly  younger  than  the  rhyolite,  since  it 
Wiis  poured  out  in  21  valley  which  has  l>een  deeply  cut  into  the  latter 
rock. 

STRUCTURE. 

According  to  Mr.  Emmons^'  the  range  owes  its  (existence  chic^fly  to 
a  hiteral  compression,  which  lias  thrown  the  stratified  rocks  into 
north-south  anticlinal  and  synclinal  folds.  In  addition  to  this 
there  has  been  another  pressun*,  coming  from  a  different  direction, 
which  has  distorted  and  dislocated  these  folds.  The  main  fohl  of  the 
range  is  an  anticline,  which  occupies  the  whole  central  pait.  of  the 
range.  The  axis  of  this  fold  has  an  extreme  variation  from  northeast 
at  its  northern  en<l  to  northwest  at  its  southern.  South  of  her(%  at 
Ophir  Canyon,  Mr.  Emmons  noted  a  syncliue,  probably  adjactMit  to 
the  main  anticline.  This  syncline,  however,  was  probably  formed  by 
the  intrusion  of  granite.  To  the  north  of  the  central  i)ai't  of  the 
range*,  in  the  vicinity  of  Austin,  another  synclinal  fold  appeai-s,  which 
also  se(»ms  to  be  coniiect(Ml  with  a  granitic  intrusion.     Farther  north. 


"U.  S.  Oool.  Expl.  li'ortieth  Pzir.,  Vol.  III.  p.  :tHl 


8PUIIR.1  TOY  ABE   BANGE.  97 

as  stated,   the  structure  of    the  high   luountHiii   called  the  Dome 
appeared  to  Mr.  Hague  ^  to  be  anticliual. 

ORES. 

Formerly  the  ores  of  the  Toyabe  Range  werci  of  great  economic 
importance,  but  with  the  decline  of  the  mining  induHtries  of  Nevada 
they  have  been  almost  forgotten.  The  principal  mining  region  was  in 
the  neighborhood  of  Austin,  but  mines  were  found  from  here  south- 
ward all  along  the  range.  Mr.  Emmons  has  described  many  of  the 
deposits,  which  in  nearly  every  case  consist  of  veins  of  white  quartz 
carrying  metallic  sulphides  in  irregularly  disseminated  bunches  and 
streaks.  In  the  vicinity  of  Austin,  the  oldest  mining  district  in  the 
State,  the  veins  are  mostly  in  granite,  and  rich  ores  do  not  appear  to 
occur  in  other  rocks.  In  other  parts  of  the  range*,  however,  the  veins 
occur  in  the  stratified  rocks.  Besides  quartz  as  gangue  mineral,  man- 
ganese spar  ajid  calc  spar  were  noted,  while  the  metallic  sulphides 
comprise  proustite,  pyrargyrite,  stephanite,  iK>lybasite,  tetrahedrite, 
argentiferous  galena,  zinc  blende,  copi)er  pyrites,  and  iron  pyrites. 
In  some  of  the  veins  the  chief  silver-bearing  mineral  is  a  mixed  sul- 
phide of  antimony,  iis  is  the  case  in  the  neighborhood  of  Belmont. 
The  veins  are  often  faulted. 

As  in  the  case  with  the  ores  at  Belmont,  there  is  probably  an  inti- 
mate connection  between  the  metalliferous  (luartz  veins  and  the 
intrusive  rocks. 
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CHAPTER    II. 
JIANGE8  OF  WB8T-CENTRAT^  XEVA1>A. 

REESE  RIVER  RANGE. 

The  lleese  River  Range  lies  next  west  of  the  Toyabe  Range,  from 
wliieh  it  is  separated  only  by  a  narrow  north-south  valley  at  its 
southern  end.  From  here  it  extends  in  a  direction  a  little  east  of 
north  about  10<)  miles  into  the  area  of  the  Fortieth  Parallel  surveys. 
Farther  noi*th  the  same  general  line  of  elevations  is  continued  in  the 
Shoshone  Range. 

TOPOGRAPHY. 

So  far  as  observed,  the  Ueese  River  Range  is  comiKised  entirely  of 
igneous  rocks,  and  the  forms  produced  by  erosion  liave  therefore  a 
certain  uniformity.  The  summits  show  peaks  which  resemble  rem- 
nants of  ancient  volcanic  cones,  and  the  valleys  which  furrow  the 
flanks  are  deeply  cut. 

The  valley  which  separates  the  Reese  River  Range  from  the  Toyabe 
Range  at  its  southern  end  hau  considerable  intei'cst.  Its  broad 
round<^d  form,  as  contrasted  with  the  sharp  incision  of  the  lesser 
mountain  valleys,  shows  that  it  has  not  been  produced  since  the 
effusion  of  the  lavas,  but  existed  pi-eviously;  yet  the  bottom  of  the 
valley  consists  of  an  unknown  thickness  of  lava,  similar  to  that  of 
the  mountains  on  both  sides.  Subsequent  to  the  period  of  effusion, 
erosion  has  formed  deep  gorges  in  the  valley  bottom. 

Fifteen  miles  north  of  the  southern  end  of  the  Reese  River  Range 
there  is  in  the  valley  a  divide  which  separates  the  northward-flowing 
drainage  of  Reese  River  from  that  which  runs  south.  The  southward- 
flowing  drainage  is  in  a  canyon  which  is  cut  below  the  main  valley 
floor  700  or  800  feet/'  On  the  north  side  of  the  divide,  the  descent  is 
sharj)  into  a  broad,  V-shaped  valley  cut  in  the  rliyolite.  Farther 
north,  wherc^  tlie  mountains  diverge,  the  valley  suddenly  widens,  and 
at  the  same  time  the  topography  of  the  base  of  the  mountains  on  both 
sides  cliang<»s,  a  broad,  gently  sloping  plateau  taking  the  place  of  the 
irregular  hill  topography  of  the  higher  valley.  In  the  middle  of  this 
plateau  the  valley  in  which  the  upiK»rmost  drainage  of  Reese  River 
flows  is  sev(»ral  miles  wide. 

My 
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ICJNKOUS   ROCKS. 

So  far  aH  seen,  the  range  is  eonipow^d  mainly  of  great  nuusses  of 
rhyolite,  similar  to  the  lava  which  makes  up  the  southern  end  of  the 
Toyabe  Range.  Along  the  eastern  base  of  the  mountains,  at  their 
southern  end,  are  abundant  deiK>8its  of  whit^j  volcanic  ash.  The  erup- 
tions which  poured  out  the  lava  must,  therefore,  have  lieen  of  an 
explosive  nature. 

In  the  valley  between  the  lieese  River  Range  and  the  Toyal>e 
Range,  at  a  point  southeast  of  lone,  a  flow  of  augit^vlias^ilt  was  found. 
On  the  opposite  side  of  the  range,  in  the  vicinity  of  lone,  there  is  a 
considerable  body  of  th(»  sam(»  rock. 

On  the  edge  of  the  desert  valley,  1  or  -  miles  west-  from  lone,  there 
is  a  basi(;  lava  which  appears,  upon  microscopic  (examination,  to  be 
biotite-andesite. 

The  low  ridges  running  south  from  Cloverdah*  to  the  Monte  Cristo 
Mountains  are  mainly  flat  voh'anic  mesas.  As  seen  from  the  vicinity 
of  lone,  the  Reese  River  Range  for  10  or  IT)  mih\s  north  is  evidently 
volcanic,  and  is  probably  nuiinly  so  up  to  the  junction  of  the  Fortieth 
Parallel  map,  where  the  Shoshoiie  Rang<»  is  n»pr(»sented  as  all  rhyolite. 

AUK   OF   LAVAS. 

The  augite-basalt  on  both  sides  of  the  range  is  plainly  younger  than 
the  rhyolite,  and  apiwars  to  lie  against  the  flanks  of  the  hills  eroiled 
from  it. 

ELLSWORTH  RANGE. 

The  name  Ellsworth  Range  is  liere  applied  to  \\w  extn»mc southern 
end  of  a  series  of  rather  disconnected  ridges  which  farther  north  are 
known  as  the  Desatoya  Mountains.  This  southern  end,  so  named 
from  the  decayed  mining  camp  of  Ellsworth,  is  narrow,  and  consists 
of  a  single  ridge  which  readies  a  moderat<3ly  great  altit  ude. 

In  general  tlie  range  secerns  to  be  comi)ose<l  of  an  ancient  seri(\s  of 
volcanics  and  derived  tuft's,  with  limestones.  Thc^se  are  cut  bv dikes 
and  are  capped  and  often  entirely  hidden  by  late  volcanic^  flows. 

SEDIMENTARY    ROCKS. 

The  range  was  crossed  by  the  writer  betwetMi  Ellsworth,  on  theetist 
side,  and  Downieville,  on  the  west.  On  thc^  road  some  miles  west  of 
Ellsworth  is  a  comparatively  small  outcrop  of  white  granuhir  lime- 
stone, consisting  of  loosely  cohering  cahuti*  crystals,  which  give  a 
granular  appearance  not  unlike  that  of  sandstone.  This  ro<*k  is  asso- 
ciated with  an  altered  gi-een  rock  of  probable  igneous  origin,  which 
is  cut  by  siliceous  dikes  and  is  frequently  mineralized.  The  (mly 
specimen  of  the  green  rock  examined  turne<l  out  to  be  made  np  of 
epidote,  quartz,  and  calcite,  all  probably  seiiOiidVk.Y^  vwwV  YVi>svCS.\»x>\. 
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from  alteration  accoiiipauying  the  introduction  of  the  metallic  sul- 
phides whicli  are  frequently  found  disseminated  in  tlie  rock. 

On  the  summit  of  tlie  pass,  separated  from  the  locality  just  men- 
tioned by  a  sheet  of  overlying  basic  lava,  there  is  found,  immediately 
beneath  the  volcanic  rock,  a  dense  sandstone  or  tuff,  which  on  micro- 
scopic examination  is  found  to  consist  of  rounded  quartz  grains  and 
altered  feldspar  fragments.  This  tuff  contains  occasionally  angular 
fragments  of  lava  and  also  doubtful  plant  remains. 

From  here  to  the  foot  of  the  comparatively  steep  scarp  which  occurs 
along  the  western  face  of  the  range,  there  is  a  vertical  distance  of 
nearly  2, (XX)  feet.  The  section  shows  a  single  ro(?k  series,  all  prob- 
ably of  igneous  origin.  The  rocks  are  reddish  or  greenish,  often 
trap  like  and  nearly  always  contain  abundant  angular  fragments  of 
lava,  giving  the  appearance  of  a  bi'eccia.  Rock  having  the  appear- 
ance of  red  sandstone  is  common,  but  when  examined  under  the  micro- 
scope this  is  found  to  consist  chiefly  of  highly  altered  feldspar  frag- 
ments, with  some  calcite  and  epidote,  the  wliole  b^ing  stained  with 
iron  oxide.  It  is  probable,  thei-efoi'e,  that  this  rock  is  also  a  volcanic 
tuff.  More  abundant  than  this  apparent  red  sandstone  is  a  dense, 
greenish-looking  rock,  which  microscopic  examination  shows  to  be 
probably  a  hornblende-biotite-syenite-porphyry.  Below  the  chief 
mass  of  this  igneous  rock  there  is  again  found  a  great  thic^kness  of 
feldspathic  tuff,  which  is  highly  colored  in  the  hand  specimen.  Under 
the  microscope  tlie  tuff  is  seen  to  be  made  up  of  rounded  and  broken 
fragments  of  feldspar  in  a  kaolinic  matrix,  the  whole  colored  by  iron 
oxide.  Below  this  again  there  is  foun<l  whit43  volcanic*  tuff,  resem- 
bling ash,  but  containing  some  rounded,  apparently  waterworn, 
grains. 

The  dip  of  this  series  of  igneous  rocks  and  tuffs  seems  to  be  in  gen- 
eral to  the  west,  although  the  folding  on  a  small  scale  is  considerable. 

At  the  base  of  the  abrupt  mountain  scarp  is  found  a  moderately 
thin-bedded  siliceous  limestone,  without  fossils.  The  general  strike 
is  north  and  south,  and  the  dip  20°  to  30°  W.  This  rock  is  found 
continuously  to  the  end  of  the  foothills  at  Downieville,  where  dark- 
blue  limestone  alternates  with  beds  of  white  and  gray  granular 
limestone  or  marble. 

In  the  whole  series  exposed  in  tlie  Ellsworth  Range  no  fossils  wi^re 
found,  except  in  the  limestone  just  east  of  Downieville,  where  they 
were  too  poorly  preserved  to  warrant  collection. 

The  marble  or  white  granular  limestone  at  Downieville  resembles 
that  described  on  the  east  side  of  the  mountain,  above  Ellsworth. 
In  both  i)laces  there  is  a  north-south  strike.  The  dip  in  the  occur- 
rence near  Ellsworth  is  an  easterly  one  of  4^,  while  near  Downieville 
it  is  westerly,  avi^ragiiig  20°  or  30°.  It  may  be,  therefore,  that  the 
two  occurrences  are  on  opposite  sides  of  an  anticlinal  fold.  If  this 
//:f  tlw  vase,  then  the  thick  series  of  interstratifie<l   igneous  rocks  and 


8PURR.]  ELL8WOKTH    RAKGK.  101 

tuffs  which  constitutes  the  core  of  the  mountain  lies  beneath  the 
limestone  series.  The  volcanic  series  must  he  at  least  2,000  feet  thick, 
the  limestone  series  haixlly  less. 

If  we  had  no  other  data  than  the  preceding  we  would  hardly  be  able 
even  to  suggest  the  age  of  the  rocks.  Wo  have,  howtn^er,  from  the 
researches  of  the  Fortieth  Parallel  geologists,  in  tlie  region  not  far 
north,  results  wliich  may  help  us  in  correlating.  In  this  same  range 
near  New  Pass  Peak,  about  00  miles  northeast,  are  Triassi<^  strata 
which  Mr.  Emmons  has  descril)ed  in  the  following  terms'* : 

The  lowest  exposures  show  strata  of  a  greenish,  somewhat  cherty  qnartzite. 
Above  these,  forming  the  snmmit  of  the  ridge,  is  a  breccia-like  conglomerate, 
made  up  of  greenish  and  purple  cherty  fragments,  with  a  red  cement,  overlaid 
by  a  thickness  of  about  1,000  feet  of  <iuartzite  and  conglomerate,  weathering 
with  a  peculiar  yellowish-brown  earthy  surface.  On  the  western  slopes,  imme- 
diately underlying  the  limestones,  is  a  l)ed  of  purple,  argillaceous  roofing  slate. 
As  exposed  in  Ammonite  Canyon,  there  lies  conformably  above  this  a  thickness 
of  1,000  to  1,500  feet  of  dark  grayish-blue,  comimi^t,  earthy  limestones  of  the 
Star  Peak  group,  which  lithologically  can  not  l)e  distin|^i8he<l  from  the  Car- 
boniferous limestones.  At  the  ccmtact  of  the  limest<mes  with  the  quartzites  is  a 
band  of  yellow  calcareous  shales. 

The  underlying  greonisli  cherty  quartzite  and  breccia-like  con- 
glomerate with  red  cement,  descrited  by  Mr.  Emmons,  recalls  the 
central  mass  of  tuffs  and  volcanic  ro<»ks  near  Ellsworth,  while  the 
overlying  dark  grayish-blue  limestones  are  similar  to  those  near 
Downieville.  Immediately  above  the  limestones  Mr.  Emmons  found 
abundant  Tria.ssic  fossils  in  a  series  of  shales  which  wen^  not 
observed  in  the  Downieville  section 

The  lower  of  the  two  series  at  New  Pass  Peak  has  l)een  correlat»<*d 
by  Mr.  King  with  the  Koipar.o  formation,  and  the  underlying  lime- 
stone with  tlie  Star  Peak  formation,  botli  formations  occurring  in 
the  Triassic  of  West  Humboldt  Range.  (Concerning  tlie  Koipato  in 
the  West  IIuml>oldt  Mountains,  Mr.  King  writes  that  at  the  base  it 
consists  of  a  vast  thickness  of  quartzitic  and  argillaceous  beds. 
These  purely  scMlimentary  rocks  are  observed  to  pass  laterally  into  a 
rock  which  in  hand  specimens  n^seinbles  an  eruptive  rock. 

This  whole  series  contains  no  distinct  l)eds  of  limestone,  and  wherever  analyzed 
is  remarkably  free  from  carlxmate  of  lime.  Its  lower  limit  is  nowhere  seen  and, 
owing  to  the  disappearance  of  the  strata  planes  under  extrem<^  metamorphism, 
there  is  no  i)ossible  mode  of  arriving  at  its  total  thickness.  The  upi)er  limit, 
however,  is  shari>ly  marked  by  an  abrupt  transiticm  from  the  schists  into  a  l)ody 
of  dark  carbonaceous  limestone.  To  this  whole  underlying  group  of  schists  and 
porphyroids  we  have  given  the  title  Koipato.  from  the  Indian  name  of  this  range.'' 

Allowing  for  some  slight  difference  in  interpretation,  Mr.  King's 
characterization  of  the  Koipato  formation  applies  to  tlie  rocks  on  the 
western  face  of  the  range  between  Ellsworth  and  Downieville.  Mr. 
King  l>elieved  that   the   transition   from    sedimentary   argillites    to 
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igneous  rocks  resulted  from  hietaniorpliisin,  wiiile  in  tlie  case  of  the 
rocks  near  Ellsworth  those  which  possess  igneous  structure  are  almost 
without  doubt  ancient  volcanics,  which  pass  above  and  lielow,  and 
probably  laterally,  into  shales,  conglomerates,  and  water-laid  brec- 
cias derived  from  these  or  similar  igneous  rocks.  The  whole  series 
therefore  is  conceived  to  repn>sentthe  products  of  a  period  of  ancient 
volc4inic  activity. 

The  series  is  moi'e  indurated,  altered,  and  oxidized  than  any  of  the 
Tertiary  volcanic^  series,  and  no  similar  ro<»ks  are  known  in  the  Paleo- 
zoic of  Nevada.  Their  correlation  with  the  established  Triassic  for- 
mations is  therefore  plausible. 

IGNEOUS  ROCKS. 

The  oldest  igneous  rocks  of  the  range  are  those  just  described  as 
interstratified  with  the  tiilTs  of  the  gn»at  ancient  volcanic  series.  The 
only  specimen  examined  is  probably  a  hornblende-biotite-syenite- 
porphyr}\ 

Next  younger  than  these  ancient  volcanics  come  siliceous  dikes, 
whicli  are  well  exposed  on  the  eastesrn  face  of  the  range,  near  Ells- 
worth. The  most  eivsterly  outcrop  encountered  is  an  alaskitc-por- 
phyry  **  containing  feldsi)ar  phenocrysts  which  are  sometimes  as  much 
as  4  or  6  inches  long.  This  resembles  the  graniti<»  rock  described 
south  of  Belmont.  It  is  cut  by  several  narrow  dikes  of  finer-grained 
rock  having  the  same  composition,  but  not  jwriihyritic.  These  silice- 
ous dikes  are  intrusive  into  metamorphosed  green  rock  just  west  of 
Ellsworth,  the  siliceous  rock  cutting  the  other  in  numerous  dikes. 

Covering  the  ancient  volcanic  rocks  and  the  latcM*  alaskit^^  dikes 
there  is  found,  occupying  the  center  of  the  mountain  between  Ells- 
worth and  Downieville,  a  bed  of  volcanic  ash.  Al)ove  this,  forming 
the  crest  of  the  range  and  constituting  all  the  high  peaks,  is  a  mas- 
sive, columnar- jointed  volcanic  rock.  A  specimen  of  this  proved  on 
examination  to  be  hyix^rsthene-aleutite.*  In  the  western  foothills, 
near  Downieville,  is  also  probably  a  patch  of  similar,  comparatively 
young  volcanic  rock,  and  north  of  Downieville  tlie  low  limestone 
mountains  are  succeeded  after  a  few  miles  by  a  chain  of  lower  hills, 
which  are,  in  part  at  least,  volcanic.  These  extend  northward  at  least 
10  or  15  miles.  At  the  southern  end  of  the  Desatoya  Iliinge,  as  mapi>ed 
by  the  Fortieth  Parallel  geoh)gists,  the  rocks  are  all  vol(»anic,  envelop- 
ing the  Triassic  strata  exposed  in  the  region  of  New  Pass  Peak. 

STRUCTURE. 

Apparently  the  main  structure  of  the  range  is  anticlinal,  the 
ancictnt  volcanic  series  constituting  the  core,  from  which  the  overly- 


a  AlaskiU*  is  a  jjontiral  namo  propostnl  for  rtK'ks  consiMtinjir  <'H»ontially  of  qiuirlz  aiul  alkali  feld- 
spar, without  efts«»ntial  fi»rr<»raajni^Hian  minpruls.    J.  E.  Spurr,  Clarification  <>f  i^rnooiiH  rocks 
accordinfc  to  comptyHition:  Am.  «tH)l.  Vol.  XXV,  l«lll».  No.  3. 
^Aleutite*  in  the  namo  projtoned  for  a  r(K'k  int«»nuoi\\R\o  "\>et^<xM\  awdt'HUo  and  Imsalt.    .7.  E. 
Spurr,  ClaseiificntUm  (,f  ifcueoiiH  i-ocks  a<cor<linp  to  coin\^T»U\on-.  Am.  a»HA.^\o\.y.'S.\  ,W>^n/^v».\\. 
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ing  limestones  dip  away  on  Iwtli  sides.  Just  nortli  of  Downieville  tlie 
low  limestone  mountains  are  separated  from  the  main  range  l)y  a  shal- 
low and  i-elatively  broad  valley.  The  structure  of  these  low  mountains 
is  anticlinal,  and  l)etween  this  anticline  and  the  one  comprised  in  the 
main  ridge  is  a  syncline,  in  which  the  intervening  valley  lies. 

ORES. 

On  botli  sides  of  the  range  there  are  ore  deposits,  once  of  gi*eat 
economic  Value,  now  largely  almndoned.  I'he  mines  near  Ellsworth 
seem  to  be  in  the  ancient  igneous  formation,  and  tliese  old  rocks  show 
on  exposed  surfaces  carbonate  of  copper  and  on  fresh  breaks  clipper 
pyrite.  Between  Downieville  and  tlie  top  of  the  mountjiins  also  there 
are  ore  dei)osits  in  tlie  ancient  volcanic  series.  At  Downieville  ores 
are  found  in  the  limestone,  resulting  apparently'  from  replacement 
of  the  rock  by  sulphides. 

PILOT   MOUNTAINS. 

East  of  the  Excelsior  Range,  on  the  other  side  of  Soda  Springs  Val- 
ley, lies  a  short  but  comparatively  ruggcnl  mountain  rango  whi<'h  has 
a  north-south  trend,  changing  to  northwest  in  its  northern  portion. 
On  the  south  the  foothills  of  this  range  merge  into  those  of  tlu*  C'an- 
delaria  Mountains,  and  are  separat^Ml  from  the  northern  end  of  the 
Monte  Cristo  Mountains  only  by  a  narrow  gap.  On  the  north,  the 
Pilot  Mountains  pass  into  the  volcanic  hills  of  the  Gabbs  Valley 
Range. 

The  highest  portion  of  the  range  is  Pilot  Mountain,  which  lies  just 
east  of  Sodaville.  On  the  west  fac^e  of  this  mountuin  there  is  a  bold 
scarp  (very  likel}'  a  simple  fault  scarp),  which  rises  from  a  point,  which 
has  an  e8timat.ed  elevation  of  about  i\,00()  feet  above  sea  level.  Below 
this  x)oint  there  are  immense  gulch  dumps,  or  alluvial  fans,  covering 
the  other  valley  detritus,  and  reaching  several  miles  westward  toward 
the  center  of  the  valley. 

SEDIMENTARY  ROCKS. 
KARLY  TERTIARY  OR  MKSOZOIO  SERIES. 

Most  of  Pilot  Mountain  is  made  up  of  stratified  rocks.  At  the  base 
is  a  series  of  gray  rocks  which,  on  account  of  a  slight  eiist-w<»st  flex- 
ure, transverse*  to  the  general  north-south  line  of  folding,  p{vss(>s  down 
to  the  north  and  south  so  its  to  l)e  covered  by  the  valley  detritus. 
These  rocks  are  hard  to  identify  in  th(»  field  on  account  of  their  altrcred 
character,  but  microscopic  study  shows  them  to  consist  mainly  of  vol- 
canic  tuffs,  generally  coarse,  sometimes  fine  and  slaty.  They  grade 
into  solid  lavas.  A  specimen  of  one  of  the  lava  sheets  on  examina- 
tion seems  to  be  andesite.  In  the  field  no  sharp  line  can  Ih^  drawn 
between  the  tuffs  and  the  slaty  lavas.  'rVve»e>  xoe^^  a^v^  v\wV\v3  wvasjc^ 
dJkes  of  ailieeoua  granite. 
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Overlying  this  jrray  tuffaceoua  series  are  reddish  sandstones,  shales, 
and  conglomerates,  which  in  turn  are  overlain  by  a  considerable 
thickness  of  purer  red  sandstone  and  quartzite,  which  forms  the  sum- 
mit of  tlie  mountains.  An  estimation  of  the  thickness  of  the  different 
rock  series  in  this  section  gives  1,000  feet  for  the  basal  tuffaceous 
series,  1,000  feet  for  the  sandstone,  shale,  and  conglomerate  series,  and 
also  1,000  feet  for  the  purer  red  sandst<one  series,  making  a  total  of 
2,000  feet  of  red  sandstone,  shale,  and  conglomerate  overlying  1,000 
feet  of  the  gray  tuffaceous  series. 

Where  the  rocks  immediately  overlying  the  basal  gray  series  were 
examined  at  the  base  of  the  mountain  they  were  found  to  be  red  or 
white  sandstone  and  quartzite,  sometimes  fine  and  calcareous,  some- 
times coarse  and  gritty.  There  is  also  much  red  sandstone  con- 
glomerate, indurated  and  squeezed.  The  pebbles  of  the  conglomerate 
seem  to  be  entirely  of  quartzite  and  chert.  This  reddish  sandstone 
and  shale  series  appears  to  extend  northward  several  miles,  until 
overlain  by  later  volcanic  rocks.  On  the  south  it  does  not  extend  so 
far,  being  overlain  in  the  foothills  of  the  Pilot  Range  along  the  road 
between  Sodaville  and  Columbus  by  later  horizon tall}'^  stratified 
sediments. 

The  upi>er  2,000  feet  of  red  sandstone,  shale,  and  conglomerate  is 
perhaps  the  same  series  as  that  described  as  occurring  in  tlie  Excel- 
sior Mountains,  just  across  the  valley  to  the  west.  The  underlying 
gray  tuffaceous  series  is  not  found  in  the  Excelsior  Mountains.  Litlio- 
logically,  some  of  the  tuffs  correspond  to  an<lesiti<*  tuffs  foun<l  in  the 
folded  Earlier  Tertiary  series  of  the  Monte  Cristo  Mountains,  20  miles 
south  of  Pilot  I^eak.  At  the  same  time,  the  series  has  a  very  strong 
lithologic  resemblance  to  the  supposedly  Triassic  beds  of  tlie  Ells- 
worth Range,  into  which  the  Pilot  Mountains  are  almost  directly  con- 
tinuous on  the  north. 

Mr.  II.  W.  Turner  has  recently  reported  Jurassic  limestone  and  slate 
in  the  Pilot  Mountains. "  In  a  personal  letter  to  the  writer,  Mr.  Tur- 
ner states  that  at  the  north  base  of  the  mountains  he  found  abundant 
fossils  in  limestone,  which  were  examined  by  Prof.  J.  P.  Smith,  of 
Stiinford  ITnivei'sity,  who  pronounced  them  certainly  Jurassic. 

PLIOCENE. 

On  the  southern  side  of  Soda  Springs  Valley,  horizontally  stratified 
rolled  gravels  wcm-c  found  at  an  elevation  of  al)out  5,25(i  feet,  and 
were  referred  to  the  Pliocene  sediments  of  Shoshone  Lake.  Similar 
sediments  undoubtedly  exist  at  the  base  of  Pilot  Mountain,  but  they 
have  been  covered  up  by  the  enormous  subsequent  I*leistocene  gulch 
dumps,  which  form  a  telt  along  tlic^  foot  of  the  mountain.  The  material 
in  these  dumps  manifestly  represents  th(>  largcM*  ijortion  of  that 
removed  from  the  gulches  which  cutback  into  the  scarp  of  the  niouu- 
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tain  above.     The   erosion    of    these    gulches   is,    therefore,    mainly 
Pleistocene. 

At  the  southern  end  of  the  Pilot  Mountains,  along  the  road  between 
Sodaville  and  (Columbus,  is  a  considerable  area  of  horizontally  strati- 
fied fine  silts  and  hardened  clays,  with  some  volcanic  ash  beds.  This 
formation  constitutes  the  divide  between  Soda  Springs  Valley  and 
Columbus  Valley,  and  reaches  as  high  an  elevation  as  G,(HK)  feet,  where 
it  is  overlain  by  a  sheet  of  basalt.  These  ImmIs  are  evidently  the  result 
of  deposition  in  a  still  body  of  water,  and  are  correlated  with  the  sim- 
ilar Pliocene  beds  described  elsewhere  in  this  region. 

IGNEOUS  ROCKS. 
PLEISTOOENK  OLIVINR-BASALT. 

At  the  southern  end  of  the  I'ango,  overlying  probable  Pliocene  sedi- 
ments, occurs  a  thin-lxHlde<l,  dark,  vesicular  lava,  which  proves  to  be 
oli vine-basalt.  From  its  occurrence  there  is  no  doubt  that  this  rock 
should  be  classified  with  the  other  Pleistocene  basalts  of  the  region. 

GRANITIC  ROCKS. 

Pilot  Mountain  contains  many  branching  dikes  and  irregular  masses 
of  intrusive  granitic  rock,  similar  t;0  that  across  the  valley  in  the 
eastern  end  of  the  Excelsior  Range.  A  typical  specimen,  examined 
microscopically,  proves  to  be  a  biotit<3-granite.  The  intrusives  seem 
to  be  chiefly  confined  to  the  base  of  the  mountain,  and  not  to  have 
reache<l,  in  very  great  quantity,  the  uppcM'most  strata.  The  granite 
is  accompanied  by  alaskite,'' and  in  the  vicinity  of  these  intrusions 
are  ore  deposits,  as  in  the  case  of  t\w  east  end  of  the*  Kxc<*l8ior  Moun- 
tains; and  the  ore  has  i>robably  ha*!  a  genetic  connection  with  the 
ignfH>us  rock. 

MONTE  CRISTO  MOUNTAINS. 

The  Monte  Cristo  Mountains  are  comparatively  short  and  low. 
They  have  a  general  north-south  trend,  and  extend  from  the  Pilot 
Mountains  on  the  north  to  the  Silver  Peak  Range  on  the  south,  with 
a  total  length  of  about  30  miles. 

SEDIMENTARY   ROCKS. 


—  On  the  roa<l  l)etween  Columbus  and  Silver  Peak  there  is  a  com- 
paratively  low  gap  in  the  Monte  C-risto  Range.  In  this  gap  are 
found  low  hills  of  whit4>  shale  capi)ed  by  a  porous  bed  which,  examined 
microscopically,  proved  to  be  u  calcareous  andesite  tufT.  From  this 
rock  a  collection  of  i)oorly  i)res(M*ved  fossil  shells  was  nia<le,  which 
Dr.  W.  II.  Dall  was  not  able  to  identify'  with  certainty.  Dr.  Dall 
thought  the   forms   suggested   a   fresh-water   origin.      IW   found   a 
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bivalve,  which  may  be  a  Sphcerhiviy  and  a  gasteropod  that  may  be  a 
Planorhis.  The  shales  contain  frequent  leaves  and  oecasional  coal 
seams. ; 

These  sediment*  are  cappecl  by  volcanic  roiiks.  In  the  low  pass 
above  referred  to  the  immediately  overlying  rock  is  a  light-gray 
tordrillite. "    Above  this  comes  andesito. 

At  the  northern  end  of  the  Mont<)  Cristo  Range  t  liere  appears  to  be 
a  patch  of  stratified  rocks  similar  to  those  just  des<*ribed,  the  inter- 
vening space  l)eing  completely  covered  by  lavas. 
(  This  series  has  been  examined  somewhat  carefully  by  Mr.  H.  W. 
Turner,  who  has  named  it  the  Esmeralda  formation,  lie  finds  that 
it  is  shown  at  various  points  in  the  Silver  Peak  Range,  and  that  it 
comprises  a  considerable  variety  of  sediments.*  According  to  him 
the  series  exposed  aggregates  at  least  2,000  feet,  and  is  composed 
chiefly  of  sandstone,  with  some  shale.  The  t^p  is  made  up  of  lacus- 
tral  marls  and  white  shales.  Mr.  Turner  collected  from  these  rw.ks 
fossil  shells,  fish  bones  and  scales,  and  dicotyledonous  leaves,  which 
were  examined  by  Dr.  J.  C.  Merriam,  Prof.  F.  A.  Lucas,  and  Dr.  F.  H. 
Knowlton.  Dr.  Merriam  found  that  the  fossil  shells  indicate  an  early 
Miocene  or  a  late  Eocene  age  for  the  beds,  and  Dr.  Knowlton  found 
that  the  plant  i*emains  indicaU>  a  Middle  Tertiary  age.  The  fish 
remains,  so  far  as  yet  studied,  do  not  seem  det^rminat/C. 

The  writi»r  has  observed  in  the  region  south  of  here,  notably  in  the 
neighl)orhood  of  Death  Valley  and  in  the  Mojave  Desert,  upturned 
Tertiary  sediments  which  he  is  inclined  to  correlaU^  with  the  beds  of 
the  Esmeralda  formation  in  the  Silver  Peak  and  Monte  CVisto 
Mount.ains.^ 

IGNEOUS   ROCKS. 

The  greater  portion  of  the  Monte  Cristo  Mountains  is  covered  by 
volcanic  rocks.  In  general,  dark  basic  lava  seems  to  ()V(»rlie  lighter- 
colored  siliceous  lava. 

DESERT  MOUNTAINS. 

The  DeseH  Mountains  form  an  irreguhir  group  which  runs  from 
the  southern  end  of  Mivson  Valley  southeastward  t<)  near  the  north- 
western end  of  trlie  Gabbs  Valley  Range  at  the  northern  end  of  Walker 
Lake.  In  general  these  mountains  have  slight  relief,  although  north 
of  Mason  Valley  the  peaks  reach  a  considerabh*  height.  At  the 
southern  end  the  mountains  change  into  low  mesas  of  brilliant  color. 

These  mountains  are  composed  entirely'  of  well-])edd(Ml  volcanic 
rocks.  At  tlie  extreme  northwestern  end  specimens  (examined  prove 
to  bebiotite-hyp(M*sthene-andesit-e.     Along  the  southeastern  en<l,  near 
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the  head  of  Walker  Lake,  the  old  In^aohes  of  the  Pleistocene  Lake 
Lahontan  may  l>e  traee^l. 

GABBS  VALLEY  AND  GABBS  VALLEY  RANGE. 

Gabbs  Valley  is  a  broad,  flat-bott.omed  basin,  almost  completely  sur- 
rounded by  irreji:nlarly  distributed  volcanic  mountains.  The  higher 
mountains  to  the  south  of  the  valley  (constitute  tlu^  (Tab])s  Valley 
Range,  which  extends  from  Walker  Lake  southeast wanl  for  about  40 
miles  to  the  Pilot  Mountains.  The  toi>ography  of  this  range,  as  well 
as  of  the  hills  on  the  north  side  of  the  valley,  is  <*omparatively  primi- 
tive, the  valleys  being  regular  and  in  general  not  v<My  deeply  cut, 
recalling  the  erosion  topography  of  the  supi>osedly  Pliocene  lake 
deposits  of  Pleasant  Valley  in  the  Snakes  Range. 

SEDIMENTARY   ROC^KS. 
EAKLIRR  TKRTIAHV   MARKS. 

Near  the  cent^^r  of  the  valley,  just  east  of  tlie  low  mountain  spur 
which  crosses  it,  and  on  the  Reese  Riv(»r  roa<l,  there  are  low  ri<lgesof 
gray,  stratifie<l  marl  containing  leaf  remains,  alternating  with  gravels 
and  more  solid  conglomerates.  Some  of  the  conglomerate  ccmtains 
comparatively  abundant  silicified  wockI.  The  conglomerate,  when 
examined  microscopically,  proves  to  be  volcanic*.  The  pebbles  are 
made  up  in  part  at  least  of  spherulitic  glass.  Some  pebbh^s  contain 
phenocrysts  of  feldspar,  of  species  imlicating  that  the  lava  is  ande- 
aitic,  in  a  glassy  matrix  containing  broken  feldspar  and  biotite. 
Some  of  the  shaly  beds  associated  with  the  conglomerate^  are  felds- 
pathic  tuff,  made  up  of  fine  fibrous  material,  with  larger  broken  frag- 
ments of  feldspar  and  some  shreds  of  biotite.  These  IhxIs  strike  north 
and  south  and  dip  alK)ut  8""  E. 

No  fossils  were  obtained  from  these  l)eds.  The  hwality  is,  how- 
ever, at  a  higher  altitude  than  that  of  the  Pleist(K*ene  lake  which, 
according  to  Professor  Russell,''  covcmhkI  the  lowest  part  of  the  valle^'^ 
just  west  of  here.  Also,  the  beds  seem  to  show  a  general  tilting,  and 
since,  according  to  Mr.  King,''  the  last  marked  folding  in  this  area  was 
post-Miocene,  these  l)eds  aiv  very  likely  pre-Plio(M*ne.  They  have  the 
aspect  of  lacustrine  marls.  Lithologically,  they  ccvnc'ide  with  the 
descriptions  given  by  Mr.  King  of  his  typi<ial  Tru(^kee  Mioc^Mie,  which 
consists  of  sandstones,  conglomerates,  and  tuffs  at  the*  b:is(»,  with  an 
enormous  thickness  of  volcanic  tuffs  at  the  top,  the  whole  series 
being  as  much  as  2,(X)f)  or  3,0(X)  feet  thick.  The  typical  Miocene 
localities  of  King  are  situated  near  here  to  the  north.  Thei*efore  the 
beds  under  consideration  are  provisionally  correlated  with  those 
described  by  Mr.  King.  They  have  also  a  general  resemblance  in 
their  nature,  derivation,  <legnK^  of  induration,  and  especially  in  their 
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containing  silicified  wood,  with  the  early  'J'ertiary  series  of  the  Silver 
Peak  region,  clasely  adjacent  to  the  south.     (See  p.  185.) 

PLKISTOCENK. 

In  the  lowest  portion  of  Gabbs  Valley,  west  of  the  Tertiary  marls 
just  described,  is  a  broad  alkali  flat  or  playa,  covered  with  smooth, 
hard  mud.  This  was  perhaps  the  bottom  of  a  lake  inclosed  in  the 
Gabbs  Valley  Basin.  As  mapped  by  Professor  Russell,  it  was  contem- 
poraneous with  the  great  Lake  Lahontan,  but  separated  from  it. 

At  the  base  of  the  volcanic  mountains  there  is  a  continuous  apron 
of  detrital  material  sloping  away  at  an  angle  of  about  3^°  for  a  mile 
or  two  toward  the  middle  of  the  basin.  As  in  the  case  of  the  similar 
alluvial  deposits  investigated  by  Mr.  Russell,'*  these  aprons  seem  to 
be  older  than  tlie  great  Pleistocene  lakes. 

The  effect  of  oolian  action,  of  importance  everywhere  in  the  Great 
Basin,  is  ver}^  conspicuous  in  certain  portions  of  Gabbs  Valley. 
The  wind-blown  sands  have  in  many  i^laces  accumulated  in  consider- 
able mass. 

IGNEOUS  ROCKS. 

Most  of  the  mountains  surrounding  Gabbs  Valley,  including  the 
Gabbs  Valley  Range,  are  volcanic.  These  rocks  represent  a  variety 
of  species. 

Just  east  of  the  hot  spring  in  the  valley  the  road  passes  through  a 
gap  in  the  mountains  about  1,500  feet  deep,  the  sides  of  which  rise  at 
an  angle  of  about  50°.  The  rock  at  this  i)oint  varies  from  moderately 
fine  to  moderately  coarse,  but  it  is,  nevertheless,  always  holocrystal- 
line.  It  is  massive  and  vertically  jointe<l,  yet  has  a  distinct  horizon- 
tal bedding,  and  a  little  northeast  of  hei'e  it  seems  to  be  underlain  l)y 
ash.  It  is  therefore  probably  effusive.  A  single  specimen  of  this 
rock,  examined  microscopically,  proves  t-o  be  a  hornblende-biotit-e- 
quartz-monzonite. 

On  the  mountain  ridge  which  separates  Gabbs  Valley  from  Walker 
Lake  Valley  the  laviis  which  dip  eastward  into  the  former  basin  at 
angles  of  10"^  or  more,  in  color  gray  or  oxidized  bright  red,  prove  to 
be  biotite-,  hypersthene-,  and  hornblende-aleutit^^s  and  andesit(»s.  On 
all  the  mountains  to  the  north  of  here,  which  were  not  visited,  there 
appeal's  to  be  a  basal  light-gra}-  or  red  lava,  which  forms  th(^  lii.ii:hest 
peaks,  underlying  a  dark -brown  or  bla(*k  lava  which  forms  the  fringes 
of  the  mountains  aii<l  sometimes  constitutes  a  coiuy  vet  only  sliiclnlv 
defaced. 

Where  the  roa<l  crosses  the  extreme  western  end  of  the  Gabbs  Val- 
ley Range,  overlooking  Walker  Lake,  the*  lavas  avo  mixe<l  ainl  the 
hills  variegated,  tlie  colors  being  bright  red,  yellow,  gray,  grecMiish 
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yellow,  white,  and  black.  In  general  a  light-gray  lava  is  overlain  by 
dense  black  flows.  The  former  proved  to  be  biotite-andesite,  while 
the  latter  is  augite-basalt.  A  little  farther,  biotite-rhyolite  wiis  found, 
apparently  underlying  the  basalt. 

EXCELSIOR  RANGE. 

The  name  Excelsior  Range  is  applie<l  U)  a  short,  ratlier  irregular 
group  of  mountains  wliicli  lies  south  of  Walker  Lake,  and,  unlik(5  the 
most  of  the  ranges  of  this  region,  runs  in  a  general  eiist-west  direction, 
cutting  off  the  southern  end  of  Walker  Lake  Valley  and  extending 
from  the  southern  end  of  tlie  Walker  River  Range  t^jistward  to  Soda 
Springs  Valley.  The  entire  length  of  the  range  is  oidy  about  3()  miles. 
The  main  range  has  to  the  north  of  it  several  high  spurs  which  run 
off  at  right  angles  and  connect  with  a  lower  cast- west  ridgci  parallel 
to  the  main  one,  farther  north.  To  the  soutli  also  a  number  of  north- 
south  spuiTs  connect  the  Excelsior  Mountains  with  the  C/andelaria 
Mountains.  The  main  range  is  terniinutiHl  on  tlu^  east  by  a  bold 
scarj)  overlo(3king  Soda  Springs  Valley,  corresponding  to  the  west- 
facing  scarp  of  the  Pilot  Mountains  on  the  other  side. 

These  mountains  were  crossed  by  the  writer  on  the  road  between 
Hawthorne  and  Sodaville,  which  leads  tlirough  Excelsior  Elat. 

SEDIMENTARY   ROCKS. 
LIMEST<>NK  SKRIKS    (KAKLY  TKKTIAUY?). 

If  one  travels  along  the  above-mentioned  road  from  Walker  River. 
Valley  eastwaiil,  he  finds,  after  pjissing  through  a  belt  of  lava  which 
constitutes  the  foothills,  an  area  of  thin-lx*dded,  slialy,  sometimes 
compact,  blue  limestone.  This  limestone  is  overlain  by  a  lava  sftTOff* 
and  near  the  contact  is  baked  and  silicified  to  a  greenish  oi*  brbwn 
jasperoid  containing  segregated  nodules  of  silic^i.  The  strati fioati(5n 
is  nearly  horizontal,  but  shows  local  contortion  and  horizontal  fault- 
ing, suggested  breaking  and  shoving  by  the  overriding  lava  sheet. 

Near  the  contact,  partly  in  the  blue  shaly  limestone,  partly  in  the 
same  rock  transformed  into  jasperoid  by  the  contact  metamorphism, 
were  found  fossils.  Mr.  T.  W.  Stanton,  of  tlie  National  Museum, 
reports  on  these  as  follows: 

Fossil  lot  No.  46,  from  the  Excelwior  Range,  road  between  Hawthorne  and 
Sodaville,  evidently  represents  two  distint't  beds,  one  a  hard  brown  siliceo-argilla- 
ceons  rock  and  the  other  a  dark-blue  limestone.  The  former  contains  several 
specimens  of  a  Corbula,  another  nndetemiined  bivalve,  and  a  very  imi>erfect 
Gasteropod  that  may  be  a  Nativa  or  a  VivaparuH,  the  generic  chariifiter  not  pre- 
served. These  are  probably  not  earlier  than  Cretaceous,  and  they  luAy  ))e  Tertiary. 

The  blue  limestone  fragments  jrielded  a  small  Ncritimi,  a  ITydrohhi  (?),an 
Astarte  (?),  and  several  imperfect  si)eciiuens  of  two  or  three  other  small  bivalves. 
These  fossils  have  a  Tertiary  aspect.    They  are  certainly  not  older  than  Cretaceous. 
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In  answer  to  a  query  as  to  the  conditions  of  deposition  indicated  by 
the  fossils  Mr.  Stanton  writes: 

.  The  foBsils  in  lot  40  are  either  marine  or  hrackish- water  form,  not  fresh  water. 
If  I  conld  he  sure  that  the  hivalve  I  have  called  Astarte  (?)  really  belonged  to  that 
genus  there  would  be  no  doubt  that  they  are  marine.  The  other  genera  recog- 
nized live  in  both  salt  and  brackish  water. 

To  the  east  this  limestone  forms  a  well-defined  anticline,  with  a 
north-south  axis,  and  with  dips  of  20°  to  30°  on  l)oth  sides.  Still 
farther  east  the  limestone  is  again  overlain  by  the  volcanic  rock 
which  encircles  this  area. 

In  the  bottom  of  Excelsior  Flat,  near  its  eastern  side,  iirobably  the 
same  limest(me  series  is  found,  but  more  altered  and  crushed  and 
veined  by  dynamic  action.  Badly  pi'eserved  fossils  were  collected 
from  this  rock,  but  could  not  be  identified. 

The  thickness  of  this  limestone  series  was  i-ouglily  estimated  at 
2,000  feet. 

SANDSTONK-SHALK  SKKIKS    (KARLY   TERTIARY   OR  MKSOZOIC?). 

Along  the  western  boixler  of  Excelsior  Flat  is  found  a  l>elt  of  reil 
sandstone  which  underlies  the  lavjis.  This  sandstone  l>elt  is  contin- 
uous to  the  low  mountains  south  of  liei*e,  where  it  X)asses  upward  into 
a  series  of  gray  stratified  rocks.  Farther  east  the  sandstone  series, 
with  the  overlying  gray  rocks,  seems  to  overlie  the  probable  Tertiary 
limestones  which  outcrop  along  the  eastern  poi-tion  of  Excelsior  Flat, ' 
the  older  rock  ])eing  apparently  the  core  of  an  east- west  striking  anti- 
clinal fold,  and  the  sandstone  series  forming  the  northern  limb.  On 
the  southern  limb,  which  comprises  the  main  ridge  of  the  Excelsior 
Mountains,  the  bulk  of  the  rocks  seem,  as  viewed  from  a  distance, 
also  to  belong  to  the  stratified  red  sandstone  and  shale  series. 

Following  the  road  farther  east,  the  transverse  spur  whi(;h  runs 
north waixl  from  the  main  ridge  of  the  Excelsior  Mountains  exhibits 
the  same  east-west  striking  anticline.  Along  the  axis  a  canyon  has 
l)een  cut  through  the  spur,  and  here  are  exposed  red  sandstones,  with 
much  red,  yellow,  brown,  and  green  dense  siliceous  shales.  No  fossils 
could  be  found.  The  rocks  here  stand,  in  general,  nearly  vertical, 
and  are  crumpled  an<l  faulted.  South  of  here  the  rocks  have  a 
southerly  dip,  first  steep,  then  shallowing,  while  to  the  north  the 
rocks  Ix^longing  to  the  same  series  have  for  a  considerable  distance  a 
northerly  dip,  which  afterwards  reverses  so  that  a  body  of  underly- 
ing gray  shale,  which  may  In^long  to  the  probable  Tertiary  limestone 
series,  <^omes  into  tlie  visible  section. 

From  the  data  above  noted,  we  apjK^ar  to  have  a  series  of  timI  sand- 
stones and  <piartzites,  with  some  shales  and  conglomerates,  having  a 
roughly  estiinat4»d  thickness  of  1,500  feet.     These  are  overlain  by  a 
series  of  red -gray  sandstones,  shales,  and  conglomerate's  about  2,(X)0 
feel  ill  thickness,  making  a  total  of  about  3,500  feet.     Tliest*  rocks 
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seem  to  overlie  the  probable  Tertiary  limestones  and  are  folded 
together  with  them.  The  exact  contiict  of  the  two  series,  liowever, 
was  not  found.  No  such  sediments  as  this  sandstone-shale  are  known 
in  the  Paleozoic  section,  and  therefore  the  rocks  would,  without  any 
other  consideration,  at  once  be  considered  as  Mesozoic  or  Tertiary. 
In  the  region  just  south  of  here  a  series  of  folded  shales  and  tuffs 
has  been  described  by  Mr.  Turner «  under  the  name  of  tlie  Esmeralda 
formation  and  is  probably  Miocene,  possibly  reaching  back  into  the 
Eocene. 

This  series,  when  observed  by  the  present  writer,  struck  him  as 
resembling  in  a  general  way  the  thin  sandstones  and  parti-colored 
shales  of  the  Excelsior  Range  section,  although  the  latter  are  dis- 
tinctly more  highly  Indurated  and  altered. 

Rocks  similar  to  the  sandstone-shale  series  of  tlie  Excelsior  Range 
form  a  large  i)ortion  of  I*ilot  Mountain,  just  to  llie  east  of  here,  across 
Soda  Spnngs  Valley.  As  noted  in  the  <lescription  of  the  Pilot  Range, 
Mr.  II.  W.  Turner  found  Jurassic  fossils  in  some  of  these  lx*ds. 

It  is  therefore  not  certain  whether  the  sandstones  and  shales  of  the 
Excelsior  Mountains  are  Tertiary  or  Mesozoic,  and  they  may  1x3  partly 
one  and  partly  the  other. 

While  the  series  of  tuffs,  sandstones,  shales,  and  conglomerates  of 
the  Excelsior  Range  may  iK)ssibl3'^  be  tlie  equivalent  of  the  somewhat 
similar  strata  of  the  Esmeralda  formation  near  Silver  Peak,  the  lime- 
stone of  the  former  locality  is  not  represented  in  tlie  latter.  This 
limestone  also  separates  itself  from  the  probable  fresh-water  Esmer- 
alda formation  in  that  its  fauna  denotes  a  probable  nuirine  origin. 
In  this  respect,  also,  it  seems  to  be  different  from  th<,^  rest  of  the  known 
Tertiary  strata,  which  extend  in  a  more  or  less  continuous  belt  from 
this  district  south  into  the  Mohave  Desert,  and  the  present  asi)ect  of 
our  knowledge  indicates  that  it  represents  a  period  during  which 
conditions  were  quite  different  from  those  which  followed. 

PLIOCENK. 

On  the  western  side  of  Excelsior  Flat  the  lava  is  underlain  by  a 
solid  but  friable  deposit,  consisting  of  ash  and  pumice,  having  the 
api)earance  of  being  waterlaid.  This  occurs  at  an  elevation  of  about 
5,500  feet.  In  the  valley  below  and  to  tlie  east  of  tliis  ai'C!  less  con- 
solidated, horizontally  stratified  gravels,  containing  iK?bbles  of  lava 
and  reaching  up  nearly  to  the  same  elevation. 

On  the  eastern  flanks  of  the  Excelsior  Mountains,  overlooking  Soda 
Springs  Valley,  there  was  noted,  at  an  elevation  of  5,250  feet,  hori- 
zontally stratified  gravels  and  volcanic  tuffs,  lying  unconformably 
against  the  folded  Tertiary  series  and  partially  consolidated.  The 
regular  stratification  of  these  deposits  suggests  that  they  are  lake 
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sediments,  and  they  are  probably  to  be  correlated  with  similar  sedi- 
ments found  all  over  tlie  region  north  and  west  of  here,  which  have 
been  called  Pliocene. 

IGNEOUS  ROCKS. 
V  LAVA. 

Along  the  road  between  Hawthorne  and  Sodaville,  which  passes 
thn)iigh  Excelsior  Flat,  there  is,  on  the  west  border  of  the  hills,  a  belt 
of  fine-grained  lava,  which  forms  broad,  slightly  dissected  mesas.  A 
specimen  of  this  lava  proved  to  be  pyroxene-oli vine-basalt.  It  occu- 
pies a  large  area,  inclosing  the  body  of  probable  Tertiary  limestone, 
which  it  overlies,  and  toward  the  east  forms  a  considerable  portion  of 
the  main  ridge  of  the  Excelsior  Mountains,  of  the  spui-s  which  run 
nortli  from  it,  and  of  the  parallel  east-west  ridge  with  which  these 
spurs  connect.  It  overlies  the  probable  Tertiary  sandstones  and 
shales  and  the  stratifie<l,  water-laid  tuffs  and  gravels  of  the  Pliocene. 
South  of  the  main  range  the  earlier  Tertiary  series  is  again  overlain 
by  slightly  dissected  lava,  and  this  lava  runs  southward  into  the  Can- 
delaria  Mountains,  where  a  prominent  peak  has  the  aspect  of  a 
slightly  denuded  volcanic  cone. 

The  fact  that  this  lava  overlies  all  the  stratified  i*ocks,  even  the 
supiKisedly  Pliocene  gravels,  together  witli  its  very  slight  erosion, 
shows  that  it  is  very  young,  pi'obably  earl}'^  Pleistocene.  The  compo- 
sition of  the  lava  bt^ai^s  out  this  reasoning,  for  it  is  probably  to  be 
correlated  with  the  IMeistocene  basalts  describe<l  in  other  ranges.^ 

GRANITIC  ROCKS. 

As  seen  from  Excelsior  Flat,  a  considerable  i)ortion  of  the  highest 
part  of  the  Excelsior  Mountains  to  the  southwest  consists  of  gray, 
rugged- weathering  granitic  rocks.  At  the  abrupt  eastern  end  of  the 
main  range  the  earlier  Tertiary  sandstone  and  shale  series  is  contorted 
and  apimrently  cut  by  granitic  dikes. 

STRUCTURE. 

To  the  north  of  the  main  ridge,  the  general  ea.st-west  valley,  which 
is  in  part  occupied  by  Excelsior  Flat,  seems  to  lie  along  the  axis  of  an 
anticlinal  fold  with  east-west  strike.  The  main  ridge  lies  on  the 
southern  limb  of  this  fold,  w^hile  the  minor  ridge  lying  north  of  the 
valley  and  parallel  to  the  main  one,  is  on  the  northern  limb. 

Northwest  of  Excelsior  Flat  the  area  of  probably  Tertiary  lime- 
stone first  described^  forms  one  of  the  north-soutli  spurs  which  run 
at  right  angles  to  the  main  range.  The  structure  of  this  jspur  is  <anti- 
clinal,  but  tlie  strike  of  the  fold  is  north  and  south. 


«.T.  E.  Spurr,  Succt*H«ioii  and  relation  of  lavas  in  the  Great  Basin  region:  Jour.  Oi«l.,  Vol. 
VIII,  J).  «36. 
fc  See  p.  109. 
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ORES. 

There  has  been  considerable  mineralization  in  the  Excelsior  Moun- 
tains. On  the  west  side,  along  the  roa<l  traveled,  there  luis  been 
mineralization  in  the  limestone  near  the  contact  with  the  overlying 
lava.  Farther  east  the  red  sandstones  are  found  to  be  ble^iched  and 
to  contain  disseminated  copper  minerals.  On  the  eastern  end  of  the 
main  range  are  ore  deposits,  associated  with  crumpling  of  the  strata 
and  probably  with  granitic  dikes. 

RESUME. 

The  rocks  of  the  mountains  are  prol>ably  Early  Tertiary  limestones, 
together  with  a  series  of  sandstones  and  shales  with  some  conglomer- 
ates. The  relative  age  of  the  limestones  and  sandstone  shales  is 
uncert-ain.  These  two  series  were  folded  together.  While  the  main 
folds  trended  east  and  west,  a  minor  set  had  north-south  axes.  At 
about  the  same  time  came  the  intrusion  of  granitic  rocks  as  dikes  and 
larger  masses;  the  ore  dei>osition  was  also  probably  nearly  contem- 
poraneous. Aft«r  this  came  deep  and  long-continued  erosion,  bring- 
ing about  the  present  topography  and  followed  by  the  formation  of 
the  Pliocene  lake.  Finally  this  lake  receded  and  great  sheets  of 
basalt  were  x>oured  out. 

CANDELARIA  MOUNTAINS. 

The  term  Candelaria  Mountains  is  here  applied  to  an  irregular 
group,  reaching  from  the  California-Nevada  StaU?  line  ejistward  to 
the  Columbus  Valley.  It  lies  just  north  of  the  White  Mountain 
range  and  south  of  the  Excelsior  Mounta^ins. 

SEDIMENTARY   ROCKS. 
CAMBRIAN. 

Mr.  F.  B.  Weeks,  who  visited  the  mountains  in  1801),  has  informed 
the  writer  of  the  existence  of  a  considerable  thickness  of  ([uartzite 
land  limestone  (see  PI.  I).     No  identifiable  fossils  were  found. 

CARBON  IFKROUS. 

On  the  road  between  Columbus  and  Candelaria  there  occur  dark- 
gray,  nearly  black,  quartzites,  and  stretched  conglomerates,  with 
some  coarse  sandstones  and  nearly  white  line-grained  chert.  Mr. 
H.  W.  Turner  has  kindly  supplied  the  writer  with  the  following  note 
concerning  the  discovery  of  Carboniferous  fossils  in  this  rock: 

I  am  indebted  to  William  Grozenger  for  information  as  to  this  l(x»,ality,  which 
lieB  8  miles  northwest  of  Colninbus  by  the  trail  to  Candelaria,  at  an  elevation  of 
about  4,900  feet.    Similar  fossils  also  occur  in  the  gulch  just  north  of  this  point  at 
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an  elevation  of  about  5,200  feet.  These  foesils  were  referred  to  Mr.  Charles  Schu- 
chert,  of  the  United  States  National  Museum,  who  rejwrts  that  the  collection 
contains  two  Carbonic  species,  a  Producttts  and  a  Spirifer,  Both  are  specifically 
nndetemuned  at  present.  The  Spirifer  (apparently  a  new  species)  belongs  to  the 
8,  cameratxis  section,  fossils  recognized  as  characteristic  of  the  Upper  Carbonic. 
The  Product  118  is  apparently  identical  Mrith  one  from  the  region  north  of  Moimt 
Shasta,  in  California,  also  associated  with  Upper  Carbonic  species.  These  forms 
remind  one  more  of  the  Carboniferous  fauna  found  in  the  Shasta  region  than  of 
the  Carboniferous  farther  east. 

EARLIER  TERTIARIES. 

Adjoining  the  Carboniferous  rocks  t.o  the  northeast,  and  probably 
overlying  them  is  a  comparatively  small  area  of  brown,  yellow,  some- 
times purplish,  limy  and  sandy  shales,  argillaceous  fine  sandstones, 
and  thin-bedded  brown  and  yellow  apbanitic  limestones.  This  series 
strikes  N.  65°  K.,  and  dips  65°  NW.  It  is  probably  identical  with 
the  rocks  of  the  Esmeralda  formation  a  few  miles  to  the  south,  in  the 
southern  end  of  the  Monte  Cristo  Mountains.  At  one  place  the 
upturned  edges  of  the  stratified  rocks  are  overlain  by  a  thin  sheet  of 
siliceous  rock,  so  glassy  that  the  microscope  does  not  show  its  true 
character,  but  it  is  probably  rhyolite  and  susceptible  of  coiTclation 
with  the  rhyolite  overlying  the  sedimentary  rocks  in  the  Monte  Crist-o 
Mountains. 

PLIOCENE  BEDS. 

At  the  gap  which  separates  the  Pilot  Mountains  from  the  Cande- 
laria  Mountains,  just  north  of  Candelaria,  occur  cert^iin  horizontally 
stratified  clays  and  sands  which  have  already  been  mentioned,  in 
describing  the  Pilot  Mountains,  as  belonging  to  the  group  of  Pliocene 
sediments. 

IGNEOUS  ROCKS. 

Overlying  the  Pliocene  sediments  not  far  north  of  Candelaria,  thin 
sheets  of  olivine-basalt  wei'e  found  (Pleistocene).  South  of  Jiere,  over- 
lying the  stratified  beds  of  the  Esmeralda  formation,  were  found  the 
sheets  of  glassy  rhyolite  above  mentioned.  West  of  Columbus  and 
Candelaria,  a  large  part  of  the  range  appears  to  be  composed  of  red 
and  gray  lavas  overlying  and  often  concealing  the  sedimentary  rocks. 
As  seen  from  Sodaville,  the  northern  part  of  this  mountain  group  is 
also  chiefly  volcanic,  the  topography  showing  such  smooth,  mesa-like 
forms,  and  so  little  erosion  that  the  rocks  were  considered  as  probal)ly 
belonging  to  the  Pleistocene  lavas.  A  prominent  peak  in  the  (central 
portion  of  the  Candelaria  Mountains  has  the  aspect  of  a  little  denuded 
volcanic  cone.^' 


a  These  observations  huve  l>een  ronflrmtKl  by  Mossrs.  Turner  an<l  W<H*ks,  wlio  visit*'*!  tlie  range 
eeparately  the  same  year  as  did  the  writer.  Mr.  Turner  states  that  tlie  hills  north  of  Benton 
are  also  all  lavas. 
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WALKER  RIVER  RANGE. 

The  Walker  River,  or  Wassuck,  Range  is  a  straight,  lK)ld  ridge  of 
mountains,  rising  immediately  from  the  west  shore  of  Walker  Lake. 
It  has  a  trend  a  little  west  of  north  and  a  length  of  about  00  miles. 
It  is  separated  on  the  north  from  the  volcanic  Desert  Mountains  by 
the  Walker  River  Valley,  and  on  the  south  it  passes  into  the  irregular 
£xeelsior  Mountains.  Throughout  most  of  its  coui*so  the  range  is 
characterized  by  the  comparatively  gentle  sl()i>e  of  the  west  side  and  a 
steep  scarp  on  the  east. 

IGNEOUS  ROCKS. 

Almost  all  the  rocks  of  the  Walker  River  Range  are  igneous.  Those 
on  the  steep  eastern  face  are  generally  granular,  and  those  on  the 
west  side  typical  volcanics. 

GRANULAR  ROC'KS. 

Just  west  of  the  Indian  agenc}^  at  the  upper  en<l  of  Walker  Lake, 
the  rock  of  the  mountains  is  chiefly  a  coai^se-grained  biotite-granite. 
Farther  north,  near  the  point  where  the  road  crosses  the  range, 
biotite-granite-aplite,  of  a  distinctly  more  siliceous  variety  than  the 
first,  occurs  in  conjunction  with  great  masses  of  alaskite-aplite. 

On  the  road  which  crosses  the  range,  at  a  point  southwest  of  Haw- 
thorne, the  summit  and  greater  i)art  of  the  mountain  range  api)ear8 
to  be  also  of  decomposed  biotite-granite.  Between  these  two  locali- 
ties the  granite  is  probably  nearly  or  (^uite  continuous. 

Underlying  the  biotite-granite^  at  the  p<^int  first  described,  is  a  dark 
rock,  specimens  of  which  proved  to  be  hornblende-quartz-syenite  and 
biotite-hornblende-quartz-monzonite.  The  granites  is  shown  by  its 
branching  dikes  to  l)e  intrusive  into  the  more  basic  rock.  Both  rocks 
are  cut  by  dikes  of  alaskite,  which  grows  very  siliceous  and  runs  out 
in  places  to  nearly  pure  quartz. 

In  the  cream-colored  mountain  of  granite  and  alaskite  around 
which  the  road  turns  in  cro&sing  the  range,  the  alaskite  is  evidently 
younger  than  the  siliceous  granite,  into  which,  however,  it  passes  by 
transitional  stiiges  as  regaixls  its  composition.  The  granite  some- 
times contains  large  feldsjiar  phenocrysts,  similar  to  those  of  the  rock 
near  Belmont  and  near  Ellsworth. 

At  the  pass  southwest  fi'om  Hawthorne,  the  biotite-granite  which 
occupies  the  summit  of  the  mountains  is  succeeded  farther  east  by 
metamorphosed  igneous  rocks,  probably  altered  by  dynamic  move- 
ments. These  rocks  lie  along  the  face  of  a  bold,  eastward-facing 
scarp.  As  examined  microscopically,  they  consist  of  apos^^enite-por- 
phyry,  apogranite,  and  apoalaskit-e,  with  some  biotite-rhyolite,  which 
may  be  later  than  the  othei'S.  These  metamorphosed  igneous  rocks 
are  confused  with  some  highly  altered  limestones  and  (j^iiartziten. 
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LAVAS. 

On  the  west  side  of  the  cream-colored  mountain  which  lies  north- 
west of  the  north  end  of  Walker  Lake,  on  the  road  across  the  range, 
the  granular  rocks,  already  described,  pass  under  and  into  gray  and 
red  volcanics,  which  dip  30°  to  45°  SW.  away  from  the  mountain. 
About  the  point  where  the  granular  rock  gives  place  to  the  evident 
volcanics,  specimens  wore  collected,  which  proved  to  be  alaskite- 
porphyry  and  tordrillite,  the  latter  with  a  finely  cryptocrystalline 
groundmass.  Overlying  these  siliceous  rocks  was  found  auglte-biotite- 
aleutite.  West  of  this  point,  near  the  summit  of  the  range,  the  prev- 
alent rock  is  biotite-andesite,  containing  many  angular  fragments  of  a 
darker  lava.     The  whole  western  side  of  the  mountains  is  volcanic. 

IGNEOUS  ROCKS  SHOWING  TRANSITIONS  OP  TEXTURE. 

In  a  small  butte  (Mason  Butte)  which  emerges  from  the  Pleisto- 
cene valley  deposits  to  the  west  of  the  northern  part  of  the  Walker 
River  Range,  a  few  miles  south  of  Wabuska,  an  intersecting  series  of 
igneous  rocks  was  studied.  The  butte  presents  the  appearance  of  a 
typical  volcanic  rock,  being  distinctly  and  thinly  bedded  and  of  red 
and  gray  colors. 

Upon  examination  the  rocks  are  found  to  be  in  part  granular  and  in 
part  fine  grained  and  porphyritic,  the  different  textures  alternating 
in  conformable  beds.  Examined  microscopicall}',  the  coarse-grained 
rocks  are  hornblende-biotite-quartz-diorites,  while  the  fine-grained 
ones  are  hornblende-biotite-quartz-andesites.  The  chemical  composi- 
tion of  the  two  rocks  is  also  nearly  the  same.  Sometimes  the  coarae- 
grained  and  the  fine-grained  types  appear  in  the  same  bed,  one 
apparently  being  formed  at  the  same  time  as  the  other;  generally, 
however,  the  beds  are  separate. 

The  hypothesis  adopted  by  the  writer  is  that  these  locks  are  the 
roots  of  old  volcanic  flows  which  have  l)een  exposed  by  the  removal 
of  the  overlying  portions  of  the  lava  through  the  erosion  of  Walker 
River,  in  whose  valley  the  butte  lies.  The  whole  appeai-s  to  have 
been  an  igneous  mass  in  process  of  slow  flowage,  some  streaks  of 
which  crystallized  rapidly,  with  the  texture  of  true  lavas,  while 
between  them  portions  of  the  same  magma  crystallized  more  slowly, 
as  granular  rocks.'* 

Facts  suggesting  similar  transitions  of  texture  wt^e  noted  within 
the  main  Walker  River  Range,  but  are  not  described  on  account  of 
insufficient  evidence. 

SEDIMENTARY   ROCKS. 
PLKISTOCENK. 

Professor  Russell  ha.s  described  the  history '^  and  the  sediments  of 
the  Pleistocene  Lake  Lahontan,  an  arm  of  which  occupied  tlu*  valley 


a  For  a  fuJJor  statemont  of  this  i)n)bU»in  hco  J.  E.  Spurr,  Viiriations  of  toxtiin^  of  <urtiiiiiTerti- 
Biy  Jfniooiis rocks  iu  tbo  Great  Basin :  Jour.  Gool„  Vol.  IX,  p.  5>»i. 
^Jfon.  U.  S.  GeoL  Surrey  Vol.  XL 
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of  the  present  Walker  Lake.  The  writer  also  observed  these  sedi- 
ments as  well  as  older  stratified  deposits,  which  reach  higher  np 
in  the  mountains.  The  line  between  the  Pleistocene  and  the  Tertiary 
has  not  been  closely  drawn  in  this  region,  and  probably  a  portion  of 
those  deposits  older  than  the  Lahontan  sediments  are  still  Pleisto- 
cene, but  at  present  the  writer  will  include  under  that  head  only  the 
deposits  of  the  lake  described  b}'  Russell. 

In  the  valley  of  Walker  Lake  the  depth  of  the  Pleistocene  Lake 
Lahontan  at  its  highest  stage  was  225  feet.  At  the  upper  end  of  the 
present  Walker  Lake  the  elevation  is  4,120  feet  above  sea  level,  which 
would  make  the  surface  of  Lake  LahonUm  at  this  point  4,345  feet. 
At  about  this  altitude,  as  measured  by  the  barometer,  the  writer 
found  a  heavy  terrace,  and  about  200  feet  above  this  a  still  heavier 
one,  the  top  of  the  main  terrace  Inking  about  4,(100  feet  high.  These 
terraces  are  constructional  and  show  a  rude  horizontal  stratification. 
They  are  composed  largely  of  gravels  and  huge  bowldei's  from  the 
adjacent  mount^iins.  At  another  point,  farther  north,  the  altitude  of 
this  same  chief  terrace  was  determined  as  4,075  feet.  On  the  opposite 
side  of  the  valley,  on  the  slopes  of  tlie  Painted  Mesa  (which  forms 
part  of  the  Desert  Mountains),  corresp<)n<ling  deposits  may  also  be 
seen,  taking  the  form  of  in(?lined  slopes  or  an(*ient  beaches  rather 
than  of  sharply  cut  terraces. 

PRE-LAHONTAN  SEDIMKNT8. 

About  100  feet  al)ove  the  heaviest  terrace  just  mentioned  is  a 
lesser  constructional  terrace,  and  about  400  feet  higher  there  is  on 
the  mountains  a  rock-cut  bench  which  is  probably  also  a  water  line. 
This  rock-cut  l)ench  is  at  an  altitude  of  about  5,100  feet,  or  about  700 
feet  above  the  surface  of  the  ancient  Lake  Lahontan,  while  the  con- 
structional terrace  l)elow  it  is  about  300  feet  above  the  old  surface. 
Crossing  the  southern  end  of  the  range,  coarse,  horizontally  stratified 
material,  consisting  of  little  assorted  volcanic  rock,  is  found  to  the 
summit,  where  it  forms  hills  400  or  500  feet  high,  reaching  up  to  an 
altitude  of  about  5,730  feet,  or  1,385  feet  above  the  surface  of  Lake 
Lahontan. 

On  the  western  side  of  the  range,  at  the  point  where  the  road  crosses 
due  southwest  from  Hawthorne^  stratified  gravels  are  found  up  to  a 
height  of  7,100  feet.  These  deposits  seem  to  1k^  water-laid.  Tlu»y  are 
evidently  pre-Lahontan,  and  if  formed  in  a  lake  occupied  a  l>ody  of 
water  which  was  the  ancestor  of  the  Pleistocene  lake,  but  of  vastly 
greater  dimensions  and  probably  of  longer  life. 

From  reasons  entailed  in  the  correlation  of  these  gravels  with  others 
throughoiit  the  region  these  dei)osits  are  provisionally  classified  as 
Pliocene. 

SMITH  VALLEY  RANGE. 

The  name  Smith  Valleys  Range  may  l>e  a^pU^dlo  ^\q^  tcsvsS.  wsn.x^^^ 
movDtain  ridge,  which  on  the  north  mevv^es  \vy\Xv  ^;\v^  Vvcv^^^^^^^'^'^^'* 
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and  on  the  south  spreads  out  broadlj^  into  a  series  of  volcanic  mesas, 
which  connect  farther  so\ith  with  a  spur  of  the  Sierras  north  of  Lake 
Mono.  The  range  as  thus  defined  separates  Mason  \^alley,  on  the  east, 
from  Smith  Valley,  on  the  west. 

IGNEOUS  ROCKS. 

Smith  Valley  Range  is  essentially  volcanic.  At  the  northern  end, 
where  it  merges  into  the  Pine  Nut  Range,  specimens  of  the  lava,  form- 
ing comparatively  well-dissc^cted  mountains,  are  found  to  consist  of 
hypersthene  and  biotite-andesite,  with  some  biotite-dacite.  South- 
ward from  here  the  range  is  evidently  volcanic,  but  it  was  not  examined 
closely  except  in  the  region  of  Dalzell  Canyon,  which  separates  the 
southern  part  of  the  range  from  the  Sweetwater  Mountains,  farther 
west. 

In  Dalzell  Canyon  the  oldest  formation  consists  of  granite  and 
rhyolite,  and  is  altered  and  jointed.  Overlying  this  is  pyroxene- 
homblende-andesite,  and  still  higher  are  comparatively  slightly  ercnled 
masas  of  more  siliceous  andesitic  rock,  or  homblende-biotite-latit^. 

On  the  i*oad  which  cuts  across  the  low  southern  end  of  the  range 
east  of  Sweetwater,  following  the  upper  part  of  the  East  Walker 
River  Valley,  the  siliceous  andesite  and  latite  flows  are  succeeded  on 
the  east  by  more  basic  thin-bedded  andesitic  or  Iwisaltic  lava,  largel}^ 
glassy.  This  overlies  sands,  clays,  and  conglomerates,  which  will 
presently  be  described  as  probably  Plioc(»ne.  It  has  flowed  into  and 
dammed  up  the  valley  eroded  in  the  enrlier  lavas.  It  is  therefore  the 
latest  of  all  and  is  probably  Pleistocene.  Farther  east  this  same 
glassy  lava  occupies  a  considerable  area  in  the  bottom  of  th<?  broad 
Walker  River  VaUey,  and  forms  broad  mesas  on  the  flanks  of  the 
Smith  Valley  Range  on  the  west  and  tlu»  Walker  River  Rang(^  on  the 
east,  and,  reaching  around  to  the  south,  forms  a  hirge  part  of  the  hills 
l>etween  the  AValker  River  Valley  an<l  Mono  Valley.  At  the  southern 
end  of  Walker  River  Valley,  a  few  miles  north  of  Aurora,  is  a  little- 
defaced  volcanic  com*  of  red  Java,  which  probably  belongs  to  the  s^ime 
epo(*h.  This  has  been  called  the  Aurora  Crater  on  the  topographic 
map  accompanying  Prof<»ssor  Russell's  paiHM'  on  Lake  Mono.^'  These 
lavas  everywhere  ov(»rlie  the  stratified  gravels  which  occui'  in  the 
southern  part  of  the  Walker  Lake  Valley,  in  the  same  manner  as 
alr(»ady  mention(Ml. 

South  of  here,  in  the  basin  of  Lake  Mono,  Professor  Russell''  has 
describe<l  various  lava.s,  including  hypersthene  andesit^^  verging  upon 
basalt,  and  rhyolite,  which  an»  <»vid(»ntl3-  J^liustoccuc.  These  lavas 
belong  to  tln^  sam(»  class  as  those  just  descrilxnl,  and  s(»eni  to  conv- 
spond  with  the  thin  flows  capping  the  Pliocene  gravels  near  Welling- 
ton <m  th<»  Sweetwater  Range,  and  also  to  the  thin  flow  of  basalt  which 


"EiKlith  Ann.  R.'pt.  U.  S.  ih^>\.  Siirvt-y,  Pt.  I,  PI.  XVII. 
f^Ihicl,  pp.  ;C4,  a75,  377,  ',m. 
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constitutes  the  latest  volcanic  rock  in  Eldoraclo  Canyon  in  the  Pine 
Nut  Range;^  but  in  the  district  under  immediate  consideration  we 
have  a  vastly  greater  amount  of  Pleistocene  volcanic  action  than  was 
observed  anywhere  else  in  the  region. 

SEDIMENTARY   ROCKS. 

Just  south  of  Dalzell  Canyon  wore  found  well-stratified  arkoses 
and  little-worn  conglomerates,  containing  chiefly  angular  fragments. 
These  seem  to  cover  the  whole  of  a  broad  upland  valley,  to  its  abrupt 
end  at  the  base  of  the  Sweetwater  Mountains,  at  an  elevation  of  some- 
thing over  7,000  feet.  As  one  goes  southeastward  from  here,  passing 
Sweetwater  post-office  and  proceeding  down  the  valley  of  Walker  River 
where  this  cuts  across  the  range,  one  finds,  at  an  elevation  of  6,500 
feet  at  least,  and  below,  well-stratified,  washed,  and  assorted,  hori- 
zontally or  slightly  cross-bedded  sandstones,  arkoses,  and  gravels. 
These  rocks  are  often  firmly  consolidated,  though  friable,  and  resem- 
ble the  sandstones  near  Carson,  as  exposed  at  the  State  prison.*  The 
pebbles  in  the  gravels  are  evidently  derive<l  from  the  andesite  which 
is  the  main  rock  of  the  Smith  Valley  Range.  Farther  west,  on  the 
slopes  of  the  hills  facing  the  main  Walker  River  Valley,  a  section  of 
these  deposits  100  feet  thick  was  examined.  Near  the  Iwttom  were 
found  sandy  clays,  which  may  lie  in  part  water-laid  volcanic  ash. 
Farther  up  come  hard  gravels,  the  well-rolled  pebbles  comprising 
various  varieties  of  hornblende-  and  m  ica- andesite.  Above  th  is  (fomes 
acompact  gray  sandstone,  also  made  up  of  volcanic  debris  and  (*ontain- 
ing  fragments  of  white  decomposed  pumice.  Capping  the  sedimen- 
tary rocks  and  overlying  them,  with  a  considerabh*  angle  of  divergence, 
comes  a  thin  sheet  of  andesitic  or  basaltic  lava  with  glassy  base.  The 
top  of  this  section  has  an  altitude  of  about  0, 1 50  feet.  A  short  dis- 
tance away  from  this  section  the  highest  sandstone^  reaches  an  altitude 
of  about  6,350  feet  and  is  exposed  as  a  simple  bench  in  the  mountains, 
the  overlying  lava  having  Iwen  eroded  back  from  it.  Along  the  north- 
ern slopes  of  the  mountains  which  form  the  southern  end  of  the  Walker 
River  Valley,  northwest  from  Aurora,  are  continuous  benches,  the 
best  marked  of  which  can  l>e  little  less  than  7,000  feet  in  height. 
Below  this  are  other  sharp  smooth  benches  of  horizontal  sandstone. 
The  comparatively  recent  volcanic  cone  above  referred  to,  lying  north- 
east from  Aurora,  is  benched  up  to  0,7(M)  or  0,800  feet,  but  not  higher. 
These  terraces  appear  to  grow  somewhat  higher  to  the  south.  The 
whole  valley  here  is  covered  with  th<^  sandstones  above  (b^scribed, 
which  have  been  considerably  eroded.  At  least  7(K)  or  SOO  feet  of  this 
sedimentary  series  is  exposed. 

On  the  road  which  crosses  the  southern  end  of  the  East  AValker 
River  Valley  and  goes  ovcjr  the  Walker  River  Range  to  Hawthorne, 

"  Se«  pp.  121  and  \2G.  O  So«  p.  124. 
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horizontally  stratified  gravels,  ai)parentl3'^  belonging  to  the  same  series 
as  the  sandstones  above  mentioned,  occur,  fi-equently  overlain  by 
glassy  and  slaggy  andesitic  or  basaltic  lavas,  up  to  a  height  of  7,100 
feet,  where  they  give  way  to  a  fresh  lava,  above  which  all  is  decom- 
posed granite. 

All  these  comparatively  recent  horizontal  sediments  are  provision- 
ally classed  as  Pliocene. 

PINE  NUT  RANGE. 
TOPOGRAPHY. 

• 

The  Pine  Nut  Range  lies  immediately  east  of  the  Sierra  Nevada, 
and  has  much  of  the  bold  irregular  topography  of  that  range.  As 
contrasted  with  the  moiintains  of  the  more  arid  regions  farther  east, 
it  is  distinguished  by  deeper  dissection,  affording  more  profound 
canyons  and  more  abrupt  cliffs.  The  eastern  face  of  the  range  is 
steep,  the  western  side  in  general  less  abrupt. 

Wherever  this  range  was  visited,  numerous  springs  were  observed, 
and  the  dissection  seemed  to  be  largely  the  result  of  water  derived 
from  these  sources.  The  springs  seem  to  be  arranged,  in  part  at 
least,  along  north-south  lines,  which  are  probably  lines  of  fracture. 
These  lines  are  deeper  than  the  regions  between,  which  st^ind  up  as 
ridges;  but  whether  these  ridges  are  directly  due  to  displacement,  or 
have  been  left  as  such  b}'  the  erosion  of  depressions  along  the  lines  of 
spring  water,  is  uncertain. 

On  the  western  side,  between  Dayton  and  Carson,  the  peculiarly 
wild  and  rugged  topography  is  caused  b}'  the  Carson  River  and  its 
mountain  tributaries  which,  in  lato  Tertiary  or  Pleistocene  time,  have 
dissected  the  mountain  and  the  adjacent  plateau- valley. 

IGNEOUS  ROCKS. 

Nearly  the  whole  mass  of  the  range  is  igneous.  The  rooks  were 
studied  principally  along  two  sections,  one  across  the  range  southeast 
from  Dayton  and  the  other  on  the  road  between  Wellington  and 
Genoa. 

In  the  eastern  part  of  the  first-mentioned  section,  in  the  lower 
moimtains  which  here  lie  to  the  east  of  the  main  range  and  are  con- 
nected with  the  northern  end  of  the  Smith  Valley  Range,  (*hiefly 
andesitic  rocks  were  found.  The  andesite  contains  different  ferro- 
magnesiau  minerals,  including  hornblende,  augite,  hypersthene, 
bronzite,  and  biotite.  Occasionally  biotite-dacite  or  quartz-andesite 
is  found.  Where  erosion  has  cut  deeply  into  the  lava,  coarser,  denser, 
more  massive,  and  more  porphyritic  forms  are  exposed.  At  the  l)ot- 
tom  of  one  of  these  canyons  the  lava  is  a  fine-grained  diorite-porphyry, 
while  farther  up  it  is  h}  perathene-bronzite-andesite  with  some  dacite. 
Farther  west,  mi  the  eastern  scarp  of  the  main  range,  occur  gran- 
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nlar  rocks.  These,  when  exainiiie<l  microscopically,  turned  out  to  be 
homblende-biotite-granite,  sometimes  porphyritic,  Hiid  ulAskite.  The 
same  gn^nular  silieeoas  rocks  are  exposed  nearly  to  the  summit,  nnd 
tbey  oooar  also  on  the  western  aide  of  the  divide.  Here  they  are 
overlain  by  hornblende-,  augite-,  and  hypersthene-andesites. 

About  halfway  down  the  mountains,  in  Eldorwio  Canyoo,  where 
the  road  leading  to  Dayton  rans,  there  are  hills  of  gently  folded  grav- 
els and  coarse  clays,  the  gravels  bettifr  derived  almost  entirely  from 
the  andesites.  They  are  exposed  best  in  the  arroyos,  where  they  are 
overlain  uneonformably  by  8  or  10  feet  of  stratified  bowlders  and  soil, 
which  represent  the  recent  stream  accuiiiulntious.  Farther  down  the 
canyon  is  a  volcanic  breccia  with  rouiide<l  andt'site  Iwwlders,  prob- 
ably water-laid.  This  breccia  is  followed  by  thin  flows  of  slaggy  white 
lava,  which  contains  numerous  included  angular  fragments  of  andas- 
ite;  these  flows  are  interbedded  with  ash.  The  present  canyon  has 
been  worn  down  through  this  breccia,  n.sh,  and  porous  wliite  lava 
deposit.  In  several  places  a  thin  sheet  of  basalt  has  l)een  poured  out 
after  the  deve]oi)nieut  of  the  present  topography  (flg.  H).     This  sheet 


also  occnpies  the  tot>s  of  some  of  the  neighboring  hillocks,  which  have 
been  separated  from  one  another  liy  ei-osiou  sultsecgiient  to  the  last 
volcanic  outbursts. 

In  the  canyon  of  the  Cm-son  River,  a  few  miles  southwest  of  l>ayton, 
the  stream  has  cut  down  400  t<>  SOO  feet,  exposing  hivus  lilie  tlmse  in 
Eldorado  Canyon.  The  uppermost  of  these  flows  is  a  white,  little- 
compacte<l  rhyi>lite,  while  beneath  it  aii'  large  masses  of  a  n><;k  it-oog- 
nised  in  the  Held  as  lava,  which  on  niieroseopic  examination  api>ears 
to  be  monzonite-porjihyry.  Tliis  is  perhajts  a  coarser  variation  of 
andeaite. 

Between  Dayton  and  Wellington  the  Pine  Nut  Range  is  mainly 
igneous.  Tlie  central  ridge  has  a  massive  iuii>e<'t  in  geuei-al,  and  is 
probably  made  up  of  the  granitic  rocks. 

Where  the  road  between  Oenoa  and  Wellington  crosses  the  range, 
homblende-biotite-andesit^^s  occur  on  the  west«m  slopes.  As  in 
Eldorado  Canyon,  the  whole  system  of  gulehea  ba^  \w«,'&.c'Q^\&.'Otfi^ 
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Near  the  summit  of  the  low  pass  on  this  road  were  found  cliffs  of 
a  dense,  massive,  volcanic  breccia  with  horizontal  bedding  and  con- 
taining pebbles  of  rhyolite  only.  Som6  distance  farther  up,  appar- 
ently belonging  to  the  same  series  as  the  breccia,  was  found  an  ancient, 
apparently  water-laid  tuff,  which  microscopic  examination  shows  to 
be  rhyolitic,  with  above  it  a  bed  of  coarse  volcanic  grit,  and  still 
higher  a  bed  of  volcanic  conglomerate  with  large  well-rounded  i)ebbles 
of  biotite-rhyolite  and  a  matrix  derived  from  the  same  rock.  A  short 
distance  farther  the  rocks  from  which  these  detritals  are  derived  were 
found  in  place  in  a  hill  to  the  north  of  the  valley  and  to  the  east  of 
the  pass.  This  rock  shows  many  and  great  variations,  passing  from 
a  fine-grained  aphanitic  rhyolite  to  coarse  granite  and  alaskite,  and 
these  variations  are  arranged  in  thin  bands. 

These  are  essentially  quartz-feldspar  rocks,  generally  containing 
biotite.  They  comprise  biotite-rhyolite,  fine-grained  granite-porphyry, 
medium-grained  biotite-granite-,  coarstvgraine<l  alaskite  and  granite- 
aplite,  and  one  specimen  was  a  fine-grained  quartz-monzonite-porphyry. 
These  different  varieties  i>resent,  texturall}^  and  structurally,  almost 
perfect  transitions  from  one  to  another,  ranging  from  coarse  granites 
through  the  granite-aplites  and  porphyries  to  the  rhyolite,  and  the 
development  of  the  different  structures  from  tluj  fine-grained  rhyolite 
is  very  clear  and  instructive.  Only  one  band  was  found  which  did 
not  belong  to  the  general  granitic  series.  This  was  a  band  of  dark- 
green  slaty  rock,  which,  when  examined,  proved  to  be  probably  horn- 
blende-andesite ;  yet  this  rock  does  not  appear  to  be  intrusive,  but 
to  form  a  band  or  streak  probably  contemporaneous  witli  the  more 
siliceous  rocks. 

West  of  this  old  graiiite-rhyolite  area,  andesito  comes  in  above  it 
again,  of  tlie  same  kind  as  before.  W  lie  re  it  has  been  deeply  eroded 
a  coarser  textural  type  is  exposed;  for  example,  the  hornblende- 
andesite  with  cryptocrystalline  groun<lmass,  whicli  n^presents  the 
rocks  near  the  surface,  gives  way  in  some  deeper  cuts  to  hornblende- 
andesite  witli  granular  groundmass,  which  is  transitional  to  horn- 
blende-diorite-porphyry. 

SEDIMENTARY   ROCKS. 
TRIASSIC   LIMESTONE. 

Southeast  of  Dayton,  limestone,  in  extremely  scanty  outcrops,  just 
visible  beneath  the  overlying  volcanics,  was  found  on  both  sides  of 
the  range.  On  the  eastern  side  the  limest<>ne  is  massive,  dark-blue 
and  sometimes  siliceous.  Its  biminte  are  vertical,  although  they  may 
result  more  fi-oni  slusiring  than  from  stratification.  It  is  cut  by 
andesite  dikes.  On  the  western  side  of  the  mountain,  in  Eldorado 
Canj'on,  th(^  limestone  is  also  blue  and  siliceous,  changing  to  shaly 
HUil  {.'nrhoimcvous.     It  is  crushed  and  seamed,   but  apx)ears  nearly 
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borizontfil.  The  sbaly  limestone  contAins  nearly  obliterated  foKsils, 
npon  which  Mr.  1'.  W.  Stanton  conimente  an  follows: 

The  collection  •  •  •  yielded  only  fragments  and  impreaaiimH  nt  ii  I'rrten 
uid  a  specimen  that  appeara  to  be  part  of  an  AmmoaHf.  Theiw  ani  Menozoi<^  and 
probablr  Triasdc. 

This  locality  is  probably  th«  same  a»  that  mentioned  by  Whitney" 
as  having  yielded  the  Triassic  fossil  Goniiifileti  Iti-ritlorsiifiiJi  Haiier. 

ThiB  Triassic  limestone  is  probably  to  I)e  correlated  willi  King's 
Triaasic  Star  Peak  limestone.* 

In  the  Pine  Nut  Range  the  limestone  is  proliahly  older  tliiiii  the 
granitic  rock  which  forms  tlie  main  range,  Iwtween  its  two  otitcroiw, 


!  iirrny<i  In  bottom  i 
1.  GnTflU  Ipoblilefi  nuHrlr  iuide«ltr>  wllb  iinrH-  I'lays  l1>II.h 
i;rne-  Sh.Hli.nn.  lalH.iwdlnu.'iitwp,    TilHii(;im.)«1.ly  Iim'hI, 
S.  HtralinnnK>wld<>nitiDilHu-thiPl.-<><l«'i'ii<-j. 

(or  it  contains  no  granitic  detrituH.     Tlie  granite  mnst  liavc  biii-st  i 
through  the  limestone  in  a  great  belt. 


On  the  west  flanks  of  the  moiintains  al)i)ve  Dayton,  as  already 
described,  tliere  arc  foiniil  Nome  tianlenitl,  well-sl  rati  lied  gnivels 
and  claya,  derived  from  the  andesites,  and  overlain,  often  uncniirorm- 
ably,  by  stream  gravels  ((ig.  !•}.  They  have  the  apiwarance of  having 
beendepositeilinmovingwater,  but  this  aspect  may  well  have  resnlt^'d 
from  current  action  in  a  stjible  water-l>ody.  On  the  fiu-o  of  the  range 
just  east  of  Dayton  Mien;  is  a  rough  inclined  plane  rniining  up  1o  a 
height  of  l!,(NH)  feet  and  terminating  in  obscure  benches.  Above  this 
termination  the  monntAiii  rises  sharply  and  steeply,  as  may  Ih' siH-n 
on  the  Carson  t^>piigraphie.  sheet  jiublished  by  the  V.  H.  (icologieal 
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Survey.  The  approximately  horizontal  upper  limit  of  the  plane  sug- 
gests lake  action,  and  the  older  gravels  and  clays  in  Eldorado  Canyon 
strengthen  the  idea.  At  Dayton  Professor  Russell"  has  placed  the 
limit  of  one  of  the  bays  of  Lake  Lahontan  at  an  ^evation  of  4,375 
feet.  The  above-mentioned  bench  is,  therefore,  1,625  feet  above  the 
uppermost  limit  of  the  Pleistocene  lake.  Southward  from  Dayton 
the  leveled  plane  was  not  observed,  and  it  is  probable  that  some  of 
the  lavas  which  here  form  the  mountain  Hanks  were  laid  down  in  the 
lake  period  and  so  covered  the  plane  or  prevented  its  erosion. 

In  the  plateau  valley  between  Dayton  and  Carson  there  occur 
stratified  clays  and  coarse  gravels,  at  heights  of  several  hundred  feet 
above  the  Pleistocene  Lake  Lahontan.  Near  Carson  there  occurs  a 
hardened  sandstone  or  granitic  arkose,  which  Ls  well  exposed  at  the 
State  prison.  The  rock  here  contains  plant  remains  and  occasional 
fresh-water  shells.  One  of  these  shells  submitted  to  Dr.  W.  H.  Dall 
was  determined  as  Anodonia^  belonging  to  a  recent  species  found 
living  in  California.  Dr.  Dall  adds  that  the  species  may  be  older 
than  the  Pleistocene,  since  the  genus  goes  back  as  far  as  the  Eocene; 
but  that  since  the  genus  is  so  easily  affected  by  environment,  the  same 
species  is  rarely  found  in  more  than  two  horizons.  Excavations  in 
this  rock  at  the  State  prison  have  brought  to  light  la^^era  covered  with 
footprints  of  the  extinct  elephant  and  other  mammals  and  birds.  On 
the  hill  south  from  the  prison  there  is  benching  up  to  a  height  of  4,850 
feet.  The  same  sandstone  as  shown  at  the  State  prison,  but  some- 
\^hat  looser  and  more  friable,  oecui-s  west  of  Carson  at  the  foot  of  the 
Sierras.* 

South  of  this  point,  along  the  face  of  the  range,  there  is  a  belt  of 
low  hills  often  covereil  up  by  the  Pleistocene  detritus,  but  consisting, 
when  exposed,  of  stratified  sands  and  gnivels.  On  the  western  face 
of  the  Pine  Nut  Range,  southward  from  Carson,  there  is  generall}'^ 
visible  a  distinct  line  in  the  topography  at  about  0,000  feet,  below 
which  the  slopes  are  gentler  and  above  which  the  mountains  are 
stef^per  and  more  rugged.  Along  the  road  which  crosses  the  range 
from  Genoa  to  AVellington  stratified  sands  and  gravels,  carrying  well- 
rounded  pebbles,  occur  in  hills  covering  the  gently  inclined  plain  at 
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*»  After  writing  the  above  dcM^cription  the  writer  fonnd  that  the  locality  had  l)een  already 
better  de8cri}>ed  by  P*rofe«sor  Lo  Conte  and  otherH.  He  leti*  his  own  description  stand  only  to 
show  how  indei)endent  olwiervations  have  led  to  similar  conclusions. 

Professor  Le  Conte  (On  certain  remarkable  tnurks,  fonnd  in  the  rocks  of  Carson  quarry:  Proc. 
Cal.  Acad.  Sci.,  Aug.  27, 1H82)  describes  a  few  fresh- water  fossil  shells  of  specios  still  living  in  the 
vi<rinity.  Among  the  vertc^brate  remains  are  fragments  of  timks  and  molars  of  an  elephant,  and 
molars  and  fragments  of  jaws  containing  molars  of  two  spe<^ies  of  horse. 

Concerning  the  age  of  the  l)eds  he  concludes  that  if  not  Quaternary,  tb<»y  can  not  l>o  earlier 
than  Upper  Plio<.!ene  iiassing  into  Quaternary.  He  also  suggests  that  they  an^  ixxssibly  dei^osits 
of  King's  I^ke  Shoshone,  and  not  I^ke  Lahontan. 

Professor  Le  Contt^  observed  that  the  level  at  this  Im-ality  is  240  feet  higher  than  the  upper- 
most shore  line  of  the  Pleistotrene  Lake  Liihontiin,  which,  morc^over,  did  not  extend  so  far  west 
as  Carson. 
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the  base  of  the  steeper  mountaius.  These  hills  are  considerably 
eroded.  Near  the  mountains  the  x>ebblesare  larger,  ami  in  crossing 
the  range  the  stratified  deposit  stox)s  at  0,000  feet  precisely,  alx)ve 
which  the  rocks  are  bare.  Below  the  iipperniost  gravels  are  benches 
in  the  detritus  and  in  the  lava  on  which  the  detritus  lies.  These 
benches,  as  well  as  the  canyon  of  the  Carson  River  at  this  point,  seem 
to  have  been  cut  during  the  recession  of  the  lake  to  which  the  gravels 
owe  their  origin,  and  whose  uppermost  sliore  line  wjis  at  the  (5,0()0-foot 
cut.  On  the  western  side  of  the  range  there  is  also  a  pn)nouu(?ed 
scarp  above  the  6,000-foot  contour,  and  beneath  this  stratified  gravels 
constitute  the  foundation  of  the  valley  between  the  IMne  Nut  Range 
and  the  northern  end  of  the  Sweetwater  Range. 

The  uniform  and  general  distribution  of  these  water-deposited 
gravelsand  sands,  up toabout  r»,000  feet,  and  the  horizontal  gix>in  which 
occurs  on  the  mountains  about  the  same  height,  suggest  that  the 
deposits  were  laid  down  in  a  lake,  which  had  its  surface  at  its  timt^  of 
maximum  extension  at  the  altitude  al>ove  mentioned.  That  the  lake 
was  older  than  the  Pleist<Ktene  is  shown  by  the  fact  that  the  Pleisto- 
cene  Lake  Lahontan  reached  an  altitude  of  only  4,375  f(»et.  The  indu- 
ration of  the  sediments  of  this  higher  lake,  as  seen  in  the  sandstone 
of  Carson,  also  points  to  a  greater  age;  and  the  great  amount  of  sub- 
sequent erosion,  illustrated  in  the  carving  of  the  canyon  of  (^ai-son 
River,  indicates  that  the  maximiim  extent  of  the  lake  was  at  a  perioil 
which  was  removed  from  the  period  of  maxiniuiu  (extension  of  Lake 
Lahontan  by  a  time  interval  much  longer  than  from  the  hitter  [)eri<Kl 
to  the  present  day.  On  the  whole  the  deposits  of  this  older  lake;  will 
be  considered  late  Pliocene. 

SWEETWATER    RANGE. 

The  Sweetwater  Range  may  l)e  considertnl  as  the  southern  i)roloiiga- 
tion  of  the  Pine  Nut  Range,  from  which  it  is  separate<l  by  the  valley 
of  the  West  Walker  River,  at  Wellington.  It  is  also  a  spur  of  the 
Sierras,  into  which  it  pjisses  at  its  southern  end. 

TOPIXJKAPIIY. 

The  Sweetwater  Mountains  are  high  and  rugged  for  tlu»  most,  part, 
with  bold  peaks  and  (^lifTs.  The  eastern  fae(^  of  the  nortluM-ii  part  of 
the  range,  from  Wellington  southward  to  Des(»rt.  Creek,  is  steep  and 
straight.  Southwest  of  Wellington  the  West  Walker  Riv(»r  luw  cut  a 
deep  canyon  along  the  face  of  the  ranges  below  tin*  l(»vel  of  the  broad 
desert  valley  separating  it  from  the  Pine  Nut  Range*.  On  the  road 
from  Wellington  to  Sweetwater,  th(»  Swe<»1  water  Range  is  separated 
from  the  Smith  Valley  Range  on  the  east  by  th<»  dee[)ly  cut  Dalzell 
Canyon. 
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IGNEOUS  ROCKS. 
POST-PLIOCENE  BASALTIC  LAVA. 

The  gravels  and  sands  which  occur  in  the  valley  separating  the 
northern  end  of  the  Sweetwater  K/inge  from  the  Pine  Nnt  Range 
belong  to  the  ancient  sediments  which  have  already  been  provisionally 
classified  as  Pliocene.  Along  the  canyon  of  the  West  Walker  River, 
a  short  distance  southwest  of  Wellington,  there  occur  in  places  sheets 
of  columnar  basaltic  lava,  overlying  the  gravels.  This  is  probably 
nearly  contemporaneous  with  the  basalt  in  Eldorado  Canyon,  of  the 
Pine  Nut  Range. 

LATE  RHYOLITIC  LAVA. 

The  highe»st  portion  of  the  Sweetwater  Range,  just  west  of  the  post- 
office  at  Sweetwater,  is  distinguished  by  the  brilliant  light-gray,  yellow, 
and  red  which  its  rocks  assume  on  weathering.  These  rocks  all  seem 
to  be  gray,  essentially  fine-grained,  thin-bedded  surface  volcanics. 
They  were  not  examined  in  place,  but  a  typical  specimen  selected  from 
the  blocks  derived  from  this  mountain  proves  on  chemical  analysis  to 
be  very  siliceous  rhyolite^  or  tordrillite.* 

LATE  ANDBSITE  AND  LATITE. 

In  the  same  canyon  as  above  mentioned  (near  Wellington),  there 
occurs,  beneath  the  rolled  gravels,  stratified  ash,  dipping  northwest 
away  from  the  mountains.  Below  this  ash  occurs  lava,  through  which 
also  the  river  has  cut.  There  are  two  distinct  .flows,  the  lower  of 
which  has  a  perfect  columnar  jointing,  while  the  upper  one  is  often 
brecciated  and  rests  upon  the  apparently  eroded  surface  of  the  lower. 
The  rock  of  the  lower  flow,  microscopically  exaniined,  proves  to  be 
bronzite-andesite,  that  of  the  upx)er  one  hornblende-biotit^-latite. 
The  uppermost  of  these  flows  has  been  deepl}^  weathered,  and  has 
been  displaced  by  a  fault,  which  is  subsequent  to  the  weathering. 

The  andesite  is  of  the  same  composition  as  the  ancient  andesite 
which  forms  the  greater  part  of  the  range,  but  its  association  with 
breccias  and  gravels  stamp  it  as  being  younger  than  the  main  mass 
and  intermediate  between  it  and  the  latite. 

In  Dalzell  Canyon  are  coarse  volcanic  breccias,  with  thin  inter- 
banded  flows,  all  dipping  at  moderate  angles  irregularly.  A  specimen 
from  a  hard  bowlder  in  the  breccia  is  hornblende-broiizite-andesite. 
These  breccias  and  thin  flows  are  probably  younger  than  the  massive 
andesite  of  the  main  range.     They  are  very  likely  of  about  the  same 


«  Dr.  H.  W.  Fairbanks  (Am,  Geol.,  Vol.  XVII,  p.  152)  mentions  a  rock  in  F«*rriH  Canyon,  in  the 
Swootwat«r  Rango,  which  is  probably  the  same  as  that  above  de'<<'rib<.Hl. 

''Tordnllitt^  is  propos<'d  as  the  flne-ffraine<l  equivalent  of  alaskite.  and  diflfors  from  rhyolite  in 
l>einjjr  in  j^em'ral  more  silireous  and  containing  no  essential  ferromaj;nesian  miiu'rals.  See  J.  E. 
Spurr,  Classification  of  igneous  nK'ks  according  tocomjKisition:  Am.  Get.)!.,  Vol.  XXV,  HK)0,  p. 210. 
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age  as  the  breccias  in  Eldorado  Canyon,  in  the  Pine  Nut  Range, 
which  they  resemble  exactly. 

Jnst  south  of  the  post-office  at  Sweetwater  Kimilar  hornblende- 
bronzite-andesite  comes  in,  overlying  the  ancient  rhyolite  series.  This 
is  of  the  same  general  age  as  the  brec*cias  in  Dalzell  C'anyon. 

EARLIER  ANDKSITKS. 

Most  of  the  Sweetwater  Range  to  the  north  of  the  high  gray  rhyo- 
lilic  i>eaks  above  described  is  of  red,  deeply  eroded  lava.  Near  Well- 
ington, and  at  the  northern  end  of  Desert  Oeek,  8iH»ciniens  of  this 
lava  proved  on  examination  to  be  hornbleiide-bronzite-aufh^site. 

The  main  mass  of  hornblende-pyi"oxene-andcsite  forming  th<»  l)ulk 
of  the  Sweetwater  Range  is  old(»r  than  the  thin  flows  and  br(»ccias 
previously  deseril^ed.  The  later  andesites  arc  closely  associate<l  with 
gravels  which  were  chiefly  derived  from  the  iM-osion  of  the  earlier 
andesite. 

EARLIER  RHYOLITE. 

Just  below  Sweetwater  there  outcrops  a  gray  lava  which  has  some- 
what the  aspect  of  a  pyroclastic  breccia.  A  s]x»cim(Mi  i)roves  to  l)e 
rhyolite,  with  a  microcrystalline  granular  groundmass,  an<l  contain- 
ing small  fragments  of  a  gray  basic  lava  f rcn?  from  quartz.  I'his  rock 
IS  of  exactly  the  same  type  as  one  examined  from  the  banded  granite- 
rhyolite  series  in  the  Pine  Nut  Range,  on  the  roa<l  Ix^tween  Genoa 
and  Wellington.  At  Sweetwater,  also,  this  lava  has  an  ancient 
appearance.  It  has  a  pronounced  jointing,  or  sheeting,  in  two  direc- 
tions, at  right  angles  to  (me  another,  one  striking  N.  70'  K.  and  (lip- 
ping 70**  SE.,  and  the  other  dipping  70"  NK.  This  rhyolite  is  over- 
lain by  homblende-bi^onzite-andesite. 

ORANITlf  R(K.?KS. 

Along  the  eastern  side  of  the  northern  port  ion  of  the  Sw(M't  water 
Range,  south  of  Wellington,  tlu^e  is,  back  of  the  main  searp,  a  second 
scarp  composed  of  gray  and  massive  rocks.  In  the  bottom  of  the 
valley  east  of  here  are  rolled  pebbles  and  bowlders  of  giaiiiilar  and 
porphyritic  granitic  rocks.  As  one  goes  southward  from  Ikm'c  lu^  ma}^ 
trace  the  scarp  of  gray  rocks  into  Desert  Creek  Canyon,  whieh  seems 
to  be  cut  in  similar  rocks,  and  the  uppermost  i)ortion  of  Desert  Creek 
Peak  is  seen  to  l)e  of  the  same  material.  Just  east  of  Dissert  Creek 
Peak,  at  Wileys,  granite  actually  outcrops,  beneath  hornblende- 
bronzite-andesite.  The  granite  is  in  part  coarse  and  porphyritic, 
containing  large  feldspars,  which  have  inclusions  of  dark  minerals, 
and  is  of  the  same  variety  as  noted  at  Belmont,  Ellsworth,  and  on 
the  eastern  face  of  the  Pine  Nut  Rangts  southeast  from  Dayton. 
There  is  also  some  ncmiwrphyritic  granite,  and  some  (containing  few 
dark  minei*als,  and  so  verging  on  alaskite. 
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The  granitic  rocks  have  been  decomposed  to  a  depth  of  many  feet, 
so  that  no  specimens  could  be  collected.  This  decomposition  occurred 
before  the  eruption  of  the  andesite,  for  this  lava  is  fresh  where  it 
overlies  the  rotten  granite.  The  period  sufficient  for  this  decomposi- 
tion is  considerable,  and  it  must  have  been  preceded  by  a  long  i)eriod 
of  erosion,  which  exposed  the  granite. 

In  the  valley  drift  above  noted  there  was  found,  besides  granite, 
specimens  of  porphyritic  siliceous  rock,  transitional  between  granite 
and  rhyolite.  It  is  possible  that  the  granite  and  the  rhyolite  at 
Sweetwater  may  be  of  nearly  the  same  age  and  may  be  correlated  with 
the  ancient  granite-rhyolite  series  of  the  Pine  Nut  Range. 

SEDIMENTARY  ROCKS. 
PLIOCENE  DEPOSITS. 

• 

The  valley  which  separates  the  northern  end  of  the  Sweetwater 
Range  from  the  adjacent  Pine  Nut  Range  is  covered  with  bedded 
gravels,  through  which  West  Walker  River  has  cut  a  Pleistocene 
canyon.  Besides  the  rolled  gravels,  which  are  largely  derived  from 
the  andesite  of  the  mountains,  there  are  some  beds  of  stratified  ash. 
Across  the  range  from  here,  the  foot  of  the  main  scarp  north  of  Desert 
Creek  ends  in  a  sloping  plain  at  an  elevation  of  6,000  feet;  and  in  the 
valley  below  this  the  deposits  consist  of  rolled  gravels  similar  to 
those  exposed  in  Walker  River  Canyon. 

South  of  Dalzell  Canyon  and  east  of  the  highest  peaks  of  the  Sweet- 
water Range  is  a  broad,  gently  sloping  valley,  several  miles  aci-oss, 
reaching  back  to  the  Sweetwater  Mount>ains,  which  rise  sharply  from 
it  at  an  altitude  of  about  7,000  feet.  The  surface  of  this  valley  is 
smooth,  and  slight  cuts  in  it  show  a  stratified  deposit  of  arkose  and 
angular  fragments  of  lava.** 

All  these  deposits  are  provisionally  referred  to  the  Pliocene. 

RESUME. 

Probabl}'  the  oldest  rocks  of  the  range  are  a  series  of  granites  and 
ancient  rhyolites,  which  were  j)erhaps  contemporaneous.  They  have 
been  jointed  by  dynamic  action,  and  are  deeply  decomposed. 

The  succeeding  geologic  formation  was  a  hornblende-pyroxene- 
andesite,  which  was  poured  out  in  great  masses  over  the  underlying 
siliceous  mountain  core.  Subsequent  to  this,  the  andesite  was  deeply 
eroded,  and  probably  a  lake  was  formed.  The  material  derived  from 
the  erosion  of  the  andesite  and  of  the  underlying  siliceous  rock  was 
spread  out  in  the  valleys  as  gravels. 

During  this  erosion  j)erioil  thin  sheets  of  andesite  siniiJar  to  the 
main  mass  were  iK)ured  out. 


a  See  deHcription  of  Smith  Valley  Range,  p.  119. 
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Later  than  this,  but  also  pnibably  while  the  lak'^  still  existed,  a 
more  siliceons  lava,  which  has  l>een  c*lassifieil  as  hornblende-latite, 
was  poured  out  in  comparatively  thin  sheets.  The  rhyolites  or  tor- 
drillites  of  the  higliest  iK)rtion  of  the  range  were  probably  poured  out 
at  approximately  the  same  x>eri(Ml,  so  far  as  we  can  judge  from  tlie 
amount  of  erosion. 

The  shrinking  of  the  lake  exjKised  to  erosion  those  lav<is  whicli  had 
been  |)Oured  out  in  it,  and  the  present  stream  canyons  were  cut  in  tlie 
lake  sediments  and  the  lavius.  At  tlie  same  time  thin  sheets  of 
basaltic  lava  were  locally  erupted. 

At  the  southern  end  of  tin*  Sweetwatt»r  Range  then*  api)eai's  to  have 
occurred,  subsequent  to  the  n»treat  of  the  lake,  a  hK'al  uplift,  which 
has  elevated  the  lake  sediments  and  shore  lines  1,(KM)  feot  above  the 
same  sediments  in  the  regions  north  of  liere. 

VIRGINIA  RANGE. 

The  Virginia  Range  lies  next  <»ast  of  th<»  Sierras  an<l  north  of  Car- 
son. It  is  reparate<l  on  the  soutli  from  the  Pine  Nut  liange  by  a  narrow 
plateau  valley,  in  wliich  Cai*son  River  has  eut  a  Pleistoeene  canyon. 
The  range  rises  abruptly  from  the  plains  at  its  base,  and  is  high  and 
rugged.  The  northern  jwirtion  was  examined  by  tlie  geologists  of  the 
Fortieth  Parallel  Survey,  and  the  geoh)gy  of  t  his  part  is  represented 
on  map  5  of  the  atlas  accom[)anytng  that  report.  In  the  southern 
part  of  the  range  is  the  famous  Comstock  lode,  and  in  this  vt<*iiiity 
the  geology  has  been  stu<lied  in  detail  by  King,  l>eck<M',  and  others. 

KiNEOrS   KOCKS. 

With  one  or  two  unimportant.  e\(M»ptions,  the  Virginia  Rang<»  is 
made  up  entirely  of  igneous  nx-ks.  These  were  thoroughly  stu<lie<l 
by  Dr.  Becker,"  ami  later  were  made  tin*  sul).ieet|of  a  erilieal  study 
by  Messrs.  Hague  and  Iddings.'' 

The  igneous  rocks  consist  partly  of  rocks  with  porphyritie  structure 
and  fine-grained  or  glassy  groundmass,  i)artly  of  those  porpliyritic 
rocks  whose  groun<lmass  is  eomparatively  coarsi*.  and  i)artly  of  typical 
granular  rocks.  At  first  these  roeks  of  different  structures  ])nt  simi- 
lar composition  were  des<?rilK»d  as  distinct  from  one  another  ami  of 
different  ages,  but  llagu**  and  hidings  considered  that  {\w  structures 
above  enumerated  occur  in  the  same  eruptive  bodies,  the  finer-grained 
structures  having  occurnni  at  or  ni^ar  the  surface,  whih'  the  coarsely 
granular  ones  are  tyi)icai  of  tlic  core  of  the  mountain,  now  made 
accessible  by  the  <leep  mint*  workings.  These  conclusions  wer<»  after- 
wards contested  bv  Dr.  Becker. 


nQcoloify  of  tho  0)m»t<x'k  lodf  ami  thr  WH8h«M5  distru't:  Mon.  V.  S.  (*«»<>1.  Survey  VdI.  III. 
Alno  Californm  Acad.  S<i..  Bull.  (i.  \fWi\. 

fcOn  the  d<»vcl<>imicnt  of  rrystullizutioii  iu  tin*  igiuHjiw  nx'k.s  of  WHwbix*,  Novadji:  Bull.  U.  S 
Qeol.  Survey  No.  17. 

Bull.  208— ()3 1) 
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According  to  Dr.  Becker,  the  succession  of  igneous  rocks  in  this 
district  is,  beginning  with  the  oldest: 

Granite,  met«,morphic8,  granular  diorites,  porphyritic  diorites, 
quartz-porphyry,  porphyritic  diabase,  later  diabase  (black  dike), 
earlier  hornblende-andesite,  augite-andesite,  later  homblende-ande- 
site,  basalt. 

The  succession,  according  to  Hague  and  Iddings,  is  as  follows: 

1.  Pyroxene-homblende-andesite  (in  its  coarser  inner  portions  becoming 

pyroxene-homblende-diorite-porphyry   and   pyroxene-homblende-dio- 
rite). 
Period  of  volcanic  rest  and  denudation. 

2.  Homblende-mica-andesite. 

3.  Dacite. 

4.  Rhyolite. 

5.  Pyroxene-andesite. 

6.  Basalt. 

All  these  igneous  rocks  are  considered  by  Hague  and  Iddings  as 
Tertiary,  but  they  have  been  divided  into  Tertiary  and  pre-Tertiary 
by  Becker  and  others. 

SEDIMENTARY   ROCKS. 
ANCIENT  LIMESTONES. 

Mr.  Becker <»  describeil  near  Virginia  a  small  area  of  distinctly 
stratified  rocks,  consisting  of  limestones  and  greatly  metamorphosed 
micaceous  schists.  No  fossils  were  found.  They  are  perhaps  similar 
to  the  Triassic  limestones  found  a  few  miles  south  of  here,  in  the 
Pine  Nut  Range  near  Dayton.     (See  p.  207.) 


«  Mon.  U.  S.  Oeul.  Survey  Vol.  Ill,  p.  190. 


CHAPTER  III. 
BAXG£8  OF  80UTHERX  NEVADA. 

VIRGIN  RANGE. 

The  Virgin  Ran^e  is  just  within  tho  eastern  limit  of  the  folded 
strata  of  tlie  Basin  ranjres  and  west  of  the  nearly  horizontal  roeks  of 
the  Colorado  Pbiteau."  Acc^onling  to  Dutton/  th(^  exact  boundary 
between  these  two  jjrovinees  is  the  (irand  Wash,  the  valley  which 
lies  immediately  east  of  the  Virgin  Range.  In  this  valley  is  a  heavy 
fault  with  downthrow  to  the  west.     Dutton  savs: 

This  fault  is  the  lx>andary  of  the  (irand  C'anyon  district  and  of  the  Platean 
ccmntry  itself.  The  region  l)eyon'l  is  a  Sierra  comitry,  with  tin?  Haine  fharac-ter- 
istics  as  the  Great  Basin  of  Nevada  and  western  Utah. 

SEDIMENTARY   ROCKS. 

PRK-TKRTIAKY. 

According  to  Marvine**  the  rocks  exposed  in  the  main  body  of  the 
Virgin  Range  present  th<*  sam<»  gen<»ral  sequi^nce  as  is  shown  in  that 
portion  of  the  range  cnt  by  the  Colora<lo  Hiv(»r.  The  fundamiMital 
rocks  are  Archean  gneisses,  schists,  granites,  «»tc.,  overlain  by  Cam- 
brian rocks,  which  in  turn  an»  cappcMl  by  a  great  thickness  of  Carbon- 
iferous rocks  of  the  lied  Wall  an<l  Aubrey  groups.  At  thi*  extn»me 
northern  end  of  the  range,  ejist  of  Beaver  Dam  Wash,  an  area  of  red 
sandstones,  supposed  to  Ix^  Triassic,  although  no  fossils  were  found, 
has  been  mapped  by  the  geologists  of  Ww  WheeU'r  Survey,''  but  is  not 
included  in  the  map  accompanying  thi^  presiMit  report. 

PLIOCKNK. 

Besides  the  Archean  and  PahM)zoic  rocks,  Marvine'  describes  in  the 
Grand  Wash,  which  lies  just  east  of  the  Virgin  Range,  a  s<'ri<\s  of 
compact  conglomerates,  which  constitute  a  very  largo  aimount  of  the 
valley  filling  and  which  have  often  been  cnMliKl  into  a  rolling  or  hilly 
surface  with  deep  valleys.  This  couglom(»rate  contains  soinc^  beds  of 
lava,  is  horizontally  l>edde<l,  ami  abuts  unconforinably  against  the 
folded  Carlx)niferous  rocks  of  th(^  mountains.     Southward  from  tluj 


aE.  E.  Howell,  U.  S.  Goojc.  Surv.  W.  ()n<»  Huiidn'dth  Mor..  Vol.  Ill,  i>.  'S.t:. 
^C.  E.  Dntton.  Scc-ond  Ann.  Ropt.  U.  S.  {UhA.  Siirvoy,  p.  I'M. 
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Colorado,  in  another  valley,  the  same  gravels  or  conglomerates  are  met 
with,  overlain  by  calcareous  tufas  several  hundred  feet  in  thickness. 

On  traveling  along  the  west  side  of  the  Mormon  Range  toward  the 
pass  between  it  and  the  Muddy  Range,  the  writer  noted  that  the 
greater  portion  of  the  valley  of  the  Virgin  River  lying  east  of 
the  Virgin  Range  was  covered  with  slightly  eroded  Tertiary  strata, 
probably  identical  with  the  horizontal  red,  gray,  and  brown  sand- 
stones and  conglomerates  ol>8erved  in  the  lower  portion  of  the  Meadow 
Valley  Wash."  The  conglomerates  in  the  Grand  Wash,  on  the  other 
side  of  the  Virgin  Range,  descrited  by  Marvine,  probably  belong  to 
the  same  series.  As  observed  by  the  writer  in  the  Meadow  Valley 
Wash,  they  have  the  appearance  of  having  been  deposited  in  a  lake, 
although  it  is  possible  that  they  represent  the  valley  accumulation  of 
the  Colorado  River,  at  a  period  when  the  streams  of  this  system  occu- 
pied wide  valleys,  in  which  they  worked  laterally  and  deposited  the 
material  which  they  derived  from  the  erosion  of  the  mountains,  the 
carrying  power  of  the  streams  at  that  time  not  being  equal  to 
the  amount  of  load  received.  These  sediments  occupy  the  older  val- 
leys which  were  eroded  in  the  Paleozoic  limestones  and  in  the  earlier 
Tertiary  sediments  and  lavas,  but  tliey  were  laid  down  before  the 
down  cutting  of  the  latest  sharp  gorges,  for  they  stand  as  the  walls 
of  these.  They  lie  against  the  Carboniferous  limestones,  and,  as 
described  by  Marvine,  against  the  Archean  granites  along  the  Grand 
Wash. 

Acc()i*ding  to  Dutton  *  the  giHiater  part  of  the  general  denudation  of 
the  Colorado  drainage  region  was  probably  accomplished  in  Miocene 
time,  whereas  the  cutting  of  the  Grand  Canyon  probably  began  in  the 
early  part  of  the  Pliocene.  The  conglomerates  and  sandstones  under 
consideration  were  evidently  deposited  just  before  the  period  of  rapid 
canyon  cutting,  and  this,  in  conjunction  with  the  evidence  afforded 
by  the  underlying  unconformable  Tertiary  ro(*ks  in  Meadow  Valley 
Canyon,  may  be  sufficient  grounds  for  specifying  their  age  i)rovision- 
ally  as  Pliocene. 

IGNEOUS   ROCKS. 

Marvine^  describes  large  masses  of  black  basaltic  lavas  resting 
upon  the  eastern  base  of  the  Virgin  Range.  Where  the  Colorado 
River  cuts  the  range,  at  Virgin  Canyon,  Mr.  Gilbert ''  describes  lavas 
overlying  the  gneissic  Archean  rocks. 

STRUCTURE. 

As  seen  from  the  west,  the  limestones  of  llu*  central  portion  of  the 
Virgin  Range  present  dips  of  lo"^  to  'Mf,  and  strikes  incUcaling  some- 
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what  irregular  folding.  Marviiie"  reoortls  that  tl>e  main  fol<l  of  tlie 
i-ange  is  anticlinal  and  that  a  fault  exists  along  the  oast  faeo.  This 
is  proliably  the  fault  mentioned  by  Dutton/  which  has  a  downtlirow 
to  the  west  of  between  6,0(K)  and  7,(KK)  feel. 

Toward  the  soutli  the  folding  apiK^ars  to  die  out  so  as  to  Im»  nearly 
horizontal  in  the  Colorado  Canvon. 

COLORADO  CANYON. 

That  part  of  the  canyon  of  the  Colorado  which  is  represented  in  the 
southeastern  corner  of  the  map  accompanying  this  report  lies  near 
the  boundary'  l>etween  the  Colorado  Plateau  on  the  east  and  the 
region  of  the  Desert  or  l^asin  ranges  on  the  west.  The  Colorado 
Plateau  is  characterized  by  nearly  horizontal  roeks  forming  mesas  or 
benched  platforms,  while  the  I'egion  to  the  w(»st  has  many  different 
ranges  of  high  rugged  mountains  eompose<l  of  folde<l  strata. 

The  rocks  exi)osed  in  this  iwrtion  of  the  canyon  are  Carboniferous 
and  lower.  At  the  mouth  of  the  (irand  Canyon  Mr.  (lilbert  made  a 
section  showing*^  over  5,()CK)  feet  of  roeks,  being  all  horizontal  strata 
except  the  extreme  base,  wh(»re  the  granit<*s  and  gneisses  of  the 
Archeau  appear.  Above  the  Archean  roeks  are  755  feet  of  shales, 
sandstones,  and  some  limestone  belonging  to  the  tapper  C'ambrian  of 
the  Tonto  group.  Above  the  Cambrian  eonies  in,  in  apparent  con- 
lormity,  heavy  limestones  with  some  sandstones,  having  a  thickness 
of  2,675  feet.  This  is  the  Red  Wall  limestone  of  the  Carboniferous. 
Above  the  Red  Wall  comes  in  the  Aubrey  group  of  the  Upper  C'ar- 
boniferous,  consisting  of  1,300  feet  of  shales,  sandstones,  and  cherty 
limestones. 

Later,  Mr.  Waleotf'  found  in  the  (irand  C'anyon  a  slight  thi(»k- 
ness  of  Devonian,  rarely  over  100  feet,  ]H»tw(»en  the^  Red  Wall  lime- 
stone and  the  Tonto  rocks.  Often  the  Devonian  in  this  region  is 
entirely  absent,  either  through  erosion  or  nondeposit  ion.  Th<»  rocks 
of  this  i)eriod  are  thin,  purplish,  fin(»-grained  sainlstoncs,  iM'com- 
ing  calcareous  and  containing  unmistakable  fossils.  Mr.  Walcott 
oliserved  an  erosion  break  at  th(*  top  of  the  Tonto  strata,  and  another 
between  the  Carboniferous  and  the  Devonian.  No  Silurian  rocks  are 
present. 

At  the  base  of  the  Tonto  there  is  a  great  unconformity,  IxMieath 
which  CK'cur  sandstones,  shales,  limestones,  and  anei<Mit  lavas  of  the 
Chuar  and  Unkar  divisions  of  the  (irand  Canyon  group  resting  upon 
thin-bedded  quartzites,  which  stand  v(»rtical  an<l  an^  broken  through 
by  intrusive  masses  of  granite.     Mr.  Walcott  considers  that  the  st  rata 
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between  tlie  Ton  to  .and  the  thinlwdded  quartzites  belong  to  the  Algon- 
kian.     The  quartzites  are  Algonkian  or  Archean." 

As  one  proceeds  down  the  Colorado  River  from  the  Grand  Canyon, 
he  finds  the  npi)er  strata  successively  disappearing,  until,  in  Boulder 
Canyon  and  below,  the  Archean  granites,  gneisses,  and  schists  come 
to  the  top  of  the  canyon,  except  where  covered  up  by  Tertiary  lavas. 

MORMON  RANGE. 

The  Mormon  Range  lies  immediatelj'  east  of  Meadow  Valley.  It 
has  an  extent  of  about  40  miles,  and  a  north-northeast  trend.  At  its 
south  end  it  is  divided  from  the  Muddy  Range  by  the  valley  of  Muddy 
Creek,  while  at  its  northern  end  it  merges  into  irregular  volcanic 
mountains  which  cover  a  large  area  southeast  of  Pioche. 

In  topography  the  Mormon  Range  is  not  extraordinary,  its  x>^aks 
being  fairly  rugged  and  of  moderate  height.  Running  along  the 
central  part  of  the  range,  and  parallel  with  its  axis,  is  a  continuous 
not<;h  or  incipient  valley,  about  2,000  or  3,000  feet  deep,  which  never- 
theless has  not  yet  been  deeply  enough  eroded  to  form  part  of  the  true 
valley  system. 

SEDIMENTARY  ROCKS. 
CARBONIFEROUS. 

The  great  bulk  of  the  Mormon  Range  is  almost  free  from  igneous 
rocks  and  is  made  up  of  a  dark-blue,  sometimes  crystalline  limestone', 
with  some  reddish  shaly  beds.  In  Meadow  Valley  C-anyon,  on  the 
northeast  flanks  of  the  range,  a  spur  of  this  limestone  cont4iined  the 
following  fossils  which  were  determined  by  Dr.  Girty,  of  the  United 
Stat-es  Geological  Survey,  to  bo  Upper  Carboniferous: 

Crinoid  stems.  Productus  pnnctatns?. 

Fenestellid.  Spirifer  cameratus. 

Fistulipora  sp.  Spiriferina  gonionotus. 

Prodnctiis  nebraskensis.  Seminnla  mira. 
Productus  splendensV. 

This  is  probably  the  Red  Wall  limestone  group  of  Gilbert's  Grand 
Canyon  section.* 

The  same  limestone  series  is  exposed  in  Hackberry  Canyon,  a  few 
miles  south  of  here,  and  it  probably  constitutes  the  bulk  of  the  range. 

In  drift  from  the  southern  part  of  the  range,  found  in  the  southern 
part  of  Meadow  Valley,  were  pebbles  containing  the  following  Upper 
Carboniferous  fossils: 

SyringoiK>ra  multattennata.  Chaet^tes  millei>oraceus? 

Fusulina  cylindrica.  Productus  st'mireticulatus. 

Archaeocidaris  sp. 

Below   HaekbiM'ry   Canyon,    in   Meadow  Valley  Canyon,  there   is 
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foandy  overlying  the  more  massive  dark-blue  limestone,  a  series  of 
pink  sandstones,  eherty  limestones,  and  shales  of  <»onsi<lerable  thick- 
ness. At  Kane  Spring,  thin-l)edded,  silieeous,  <*herty  limestones, 
with  yellow,  limy  shales,  l)elonging  to  this  iipi)er  series,  eont^in  poorly 
preserved  fossils,  refem»d  by  Dr.  Gii*ty  to  the  UpiKjr  Carboniferous. 
This  is  undoubtedly  the  Aubr<»y  group  of  the  Grand  Canyon  se(»tion." 
The  Aubrey  Carboniferous  lies  eonfonnably  on  the  I^ed  Wall  Car- 
boniferous, and  both  li(»  eonformabl}*  iKuieath  the  lower  rhyolite 
series  of  Memlow  Valley  Canyon.*  Tlu\v  are  separated  from  the  later 
Tertiary  formations,  esi>eeially  the  probable  Plio<*ene  san<istones  and 
conglomerates,  by  a  marked  unconformity. 

PLKK'KXK. 

The  Pliocene  which  lies  against  the  flanks  of  the  Mormon  liange, 
in  Meadow  Valley  Canyon,  will  1h^  considen»d  in  the  special  descrip- 
tion of  the  canyon.  The  ro<*ks  <Mmsist  of  horizontal  or  slightly  undu- 
lating red,  gray,  and  brown  san<lstones  and  <M)nglom(»rates,  the  latter 
often  honeycombed,  rising  to  a  height  of  about  r)-,50()  feet  above  sea 
level,  and  lying  against  the  fohled  limeston(»sof  the  mountains.  The 
conglomerates  (Mmtain  pebbles  of  the  f()ssilif(»rous  Carlxinifenms 
limestones,  as  well  as  of  the  older  Tertiary  fnrnuitions. 

As  seen  from  the  gap.lM»twi^n  the  Mormon  Range  an<l  th<»  Muddy 
Range,  large  areas  on  the  east^^rn  sid<^  of  the  Mormon  liaiige  are 
probably  occupied  by  lMio<*ene  strata  similar  to  those  found  on  the 
western,  these  l)eds  covering  much  of  the  broail  valley  ]>etween  the 
Mormon  Range  and  the  Virgin  Range. 

IGNEOUS   ROCKS. 

Despite  the  fact  that  much  vol(»anic  material  was  found  closely 
adjacent  to  the  Mormon  Range  on  the  north  and  west,  there  seems  to 
be  little  in  the  range  its<»lf.  The  volcanic  rocks  on  its  western  flanks 
will  be  treated  in  the  description  of  Meadow  Valley  Canyon, 

STRUCTUKE. 

The  Mormon  Range,  as  view(»d  from  the  west,  ai)p(»ai*s  to  consist. 
chiefly  of  an  anticlinal  fold,  whose  tren«l  diversi:os  somewhat  from 
that  of  the  rang<»,  since  it  runs  in  a  direction  west  of  north,  whili*  that 
of  the  range  runs  <'ast  of  north.  On  the  w(»st(»rn  sIojk*  of  the  range 
there  was  observe<l  a  parallel  synclinal  fold  of  eomparativ<»ly  snuill 
extent,  flanked  by  another  slight  anticline  still  fartlu^r  west.  These 
two  folds  are  probably  local.  They  an*  sue(*e<Mle<l  on  the  west  by  a 
synclino  which  oc<*upies  the  broad  plat.<vin  vall<\v  in  which  Meadow 
Valley  Canyon  li(»s.     (Se<»  fig.  10.) 

As  seen  fnmi  the  north  the  main  anticline  is  <*omparatively  gentle, 
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the  dips  oil  Imtti  widPH  appearing  to  be 
about  la".  Farther  stoiith,  however, 
J  theav  dips  ^adualty  increase',  and  in 
i  one  panspicuoiiH  i)eak  in  the  soiith- 
■  (tentml  part  of  tlie  range  the  strata  nro 
I  sharply  compre.sned,  forming  a  type  of 
^  Htrnetiiro  quite  unusual  in  tlie  desert 
I  ranges,  but  still  present,  especially  in 
I  Pertain  ranges  lj"ing  closely  east  of  tlie 
9        Sierra  Nevada." 

3  It  has  already  l>een   noted   that  the 

I  limestone  which  forms  the  Mormon 
i  Ranp;e  seems  to  Xte  conformably  over- 
f  ^  I  lain,  on  the  Hanks  of  the  range,  by  a 
I  5 1  Tcrtiarj'  rhyolite  and  rhyolite  tuff 
I  -j;!  series.*  'lliat  there  was  an  erosion 
interval  between  the  Carlwniferons  and 
the  rhyolit*  period  is  shown  by  the 
irregularity  of  the  contact,  as,  for  ex- 
ample, at  the  month  of  Ilackberry 
Canyon,  where  the  rliyolite  is  found 
on  one  side  of  the  canyon  and  not  on 
the  other.  Nevertheless,  most  of  the 
folding  which  brought  about,  the  fornm- 
tioii  of  the  range  cert«iuly  did  not  begin 
until  after  the  rhyolit*'  i>eriod.  The 
limestones  must  also  Imve  taken  part 
in  later  movcinenl.i,  eviilcnecd  by  fold- 
ing in  Ihe  postrhyolitic  Tertiary  roeks 
to  1k>  <le.si'ril>ed  in  eon.ttdering  Meadow 
Valley  ('any<ni,  which  arc  separaU'd 
fnnii  the  rhyolites  by  an  unconformity. 
Thu.'<  the  total  amount  of  folding  in  tlie 
range  is  the  coinlilned  i-esiilt  of  all  the 
Tertiary  iiiovenienis,  which,  from  phe- 
nomena olwerveil  in  Meadow  Valley  Can- 
yon, Htfin  to  Ix'  still  in  progivsM. 

MUDDY  RANGE. 
The  Muddy  Range  jsiismithwanl  coli- 
tinundon  of  lln-  Mormon  Haiigc,  lM>iiig 
separalinl  from  it  <nily  by  the  gap  of 
.^luil.iy  Creek.  It  cxiemis  s.niili  lo  the 
Colorado  Uivei',  when-  il  is  se|)arate<l 
from  Ihi-  Colorado  Uaii;:e  by  lioulder 
( 'anyoii. 

T..iir.  S-'i  ,  iM  wri™,  V..1   XI.IX,  IrtlV  j.   hti 
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SEDIMENTARY  ROCKS. 

The  Carboniferous  strata  of  tlie  Mormon  Ran^e  appear  in  tlie  field 
to  be  continuous  into  the  northern  end  of  the  Muddy  Range.  The 
southern  portion  of  the  range,  however,  is  represent^^d  on  the  Wheeler 
survey  geologic  map  as  composed  of  Triassic  ro(»ks." 

At  the  extreme  southern  end  of  the  range,  in  Boulder  Canyon,  only 
the  Archean  igneous  rocks  and  gneisses  are  exposed,  as  described  by 
Mr.  C4ilbert.*    These  are  overlain  by  Tertiary  lavas. 

The  following  observations  were  made  by  Mr.  R.  B.  Rowe*": 

CARBONIFEROUS. 

About  4  miles  west  of  Logan,  on  Muddy  Creek,  there  occurs  prob- 
ably CarlK)niferous  limestone,  overlying  Mesozoic  sandstones  and 
conglomerates.  Between  Logan  and  \Vciser\s  ran(*h,  above  the  Nar- 
rows, Paleo7X)ic  limestone  is  again  shown,  being  brought  against  the 
Mesozoic  by  a  heavy  fault.  The  Mesozoic  also  seems  to  lie  conform- 
ably upon  Uie  limestone  on  one  side  of  the  fault,  plane. 

Fossils  collected  »3  miles  west  of  Logan  iK)st-office  by  Mr.  Rowe 
were  determined  by  Dr.  Girty  as  rather  doubtfully  Permian. 

MESOZOIC. 

At  the  first  locality  above-mentione<l,  4  miles  west  of  Logan  post- 
office,  there  ai'e  bright-red  hills  of  massive  cross-l)edded  sandstone 
showing  no  l>edding  planes.  West  of  these  hills  are  soft-er  red-claj' 
l>eds,  bluish  shale  l)eds,  gray  conglomerate's,  and  thin  limestone  beds. 
Some  of  the  limestone  beds  contain  fossils,  regarde<l  by  Mr.  Rowe  as 
Jurassic.  Mr.  Rowe's  collection  was  examined  by  Mr.  T.  W.  Stan- 
ton, who  referi-ed  it  possibly  to  the  same  horizon  as  fossils  from  simi- 
lar beds  in  the  south  part  of  the  Spring  Mountain  Range.  Tie  believes 
the  horizon  is  not  ycmngerthan  the  Triassic*  and  maybe  jis  old  as  the 
Permian,  but  as  the  forms  are  all  new  no  detinite  statement  can  \)e 
made. 

One  of  the  conglomeratic  strata  contains  considerable  petrified 
wood.  From  some  of  the  darker  shales  of  the  Mesozoic  some  narrow 
seams  of  coal,  from  one-half  to  one  inch  in  thickness,  have  been 
reported. 

At  the  second  locality  mentioned  above,  between  Logan  and 
Weiser's  ranch,  the  Mesozoic  again  ai)pears,  lying  conformably  upon 
the  limestone.^ 

TERTIARY. 

On  the  north  side  of  Muddy  Creek,  above  the  old  C'alifornia  cross- 
ing, are  the  red,  yellow,  and  bluish  deposits  of  the  Tertiary.     On  the 
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<^Taken  from  his  notebookH  after  Mr.  Rowe's  death,  by  the  writer. 

rfThis  Mesozoic  is  mapped  a**  Triassin  to  conform  with  the  Wheeler  survey  mapping;  in  the 
southern  part  of  the  ran^^e.  It  will  be  objerved,  however,  that  these  b.^ds  may  be,  in  part  at 
least,  the  same  as  those  mappcnl  in  the  Spring  Mountain  range  as  Jurassic. 
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Botith  side,  and  iiudoubtedlj-  connected  with  these,  are  clay  depo8it« 
of  oonniderable  thickn^ns  and  extent. 

Between  Logan  and  Weiser'a  ranch  red  and  yellow  clays  and  ancient 
talus  deiMsita,  now  hanleuing  into  conglomerates,  lie  unconformably 
upon  the  Mesozoic. 

lONEOnS   BOOKS. 

In  the  nortliern  jmrtof  the  ran^e  the  writer"  observed  volcanic  rocks 
overlying  the  folded  strata.  On  the  Wheeler  maps  patches  of  basalt 
are  shown  in  a  aimilar  relation  in  the  southern  part  of  the  range,  and 
these  extend,  as  described  by  Mr,  Gilbert,  to  Boulder  Canyon. 

STRUCTURE. 

At  the  northern  end  of  the  range  the  stratifiefl  roeks  seemed  from 
a  distance  t^)  dip  eastwai'd  at  high  angles,  liiit  the  actual  structure  was 
not  made  out.  The  ffdding  probably  decreases  lapidly  toward  the 
south. 
The  followinp  olworvations  were  made  by  Mr.  R.  B.  Howe: 
About  4  miles  west  of  I.ogan  therts  is  probablj'  a  fault  between 
the  Paleozoic  and  the  Mesozoic.     The  MesoKoic  dips  quite  sharply  to 


the  west.  Between  I.ogaii  and  Weiser's  ranch  the  fault  is  lieautifully 
shown,  bringing  the  Mesozoic  against  the  Pahnmoie  limest'Ones.  On 
tlie  west  side  of  the  range  the  Mesozoic  seems  to  line  conformably 
upon  the  limestone.  The  dip  of  tlie  limi-stoiie  is  almost  perpendicu- 
lar, while  tlie  Mesozoic  lies  against  it,  with  a  much  lower  <lip,  on  the 
east  side.     (See  fig.  11,) 

COLORADO  RANGE. 


The  Oolorailo  Bange  in  a  soutliward  ciin  tin  nation  <if  Ihc  Muddy 
Raufie,  and  is  sf|)arated  from  it  l)y  the  Coiorado  River  at  Boulder 
(■auyoii.     Bs  geology   is  rep  le  sen  led  on  tlie   Wheeler  geologic  atlas 
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(sheet  No.  60)  an  consisting  essentially  of  an  Archean  core  overlain 
by  lavas  and  flanke<l  ])y  Pleistocene  detritus. 

ELDORADO  RANGE. 

The  Eldorado  Range  lies  west  of  the  Colorado  Ilange,  he/mg  separated 
from  it  by  the  Colorado  River.  As  represented  on  the  Wheeler  atlas, 
its  geology  is  about  the  same  as  that  of  the  Colorado  Range. 

MEADOW  VALLEY  CANYON. 
TOPOGRAPHY. 

Meadow  Valley  Canyon  is  cut  in  the  bottom  of  abroad  north-south 
plateau  valley,  which  separates  tlie  Meadow  Valley  Range  on  the  west 
from  the  Mormon  Range  and  other  mountains  on  the  east.  Although 
the  canyon  is  dry  for  long  stretc*hes,  j'ct  such  wat^er  as  may  flow  in  it 
is  carried  to  the  Colorado,  of  whose  drainage  the  can3'on  forms  a  part. 
That  i)ortion  of  the  valley  which  is  here  described  is  alx)ut  00  miles 
in  length,  extending  from  the  vicinity  of  Pioche  southwanl  to  West 
Point  or  Moapa.  The  can3'^on  begins  a  short  distance  south  of  Pioche, 
and  grows  continually  deeix^r  toward  the  south.  The  continuation  of 
Meadow  Valley  northward  from  Pio(*hc  is  called  Duck  Valley,  which 
is  a  typical  broad  desert  valley  with  no  canyon.  Opposite  Pioche 
the  appearance  is  ali*eady  unlike  that  of  the  typical  desert  valley  of 
the  region.  There  comes  in  a  central  narrow  strip  of  level  wash, 
marking  the  channel  of  drainage,  while  on  both  sides  thei'e  rises  to 
the  mountains  a  detrital  slope,  which,  unlike  that  of  most  Nevada 
vallej's,  is  cut  up  into  low  hills.  To  th(^  south  the  central  drainage 
channel  becomes  deeper,  the  slopes  sharp(»r,  jind  the  hills  more  cut  up. 
To  the  north  the  reverse  is  the  case,  until  the  valley  api)ears  almost 
flat,  like  the  tyi)ical  Nevada  valley. 

From  the  vicinity  of  Pioche  the  incision  of  the  drainage  into  the 
valley  lx)ttom  becomes  progressively  more  pronounced  southward, 
until  some  few  miles  south  of  Panaca  a  box  canyon  ])egins,  which 
soon  attains  a  depth  of  oDO  feet,  and,  within  a  few  mih\s,  1,(M)0  or 
1,500  feet  (PI.  VI,  A),  Soipe  miles  south  of  here,  at  Kernan's  ranch, 
the  canj'on  walls  are  estimated  to  be  fully  2,000  feet  high.  Still  farther 
south,  and  just  northeast  of  the  Mormon  Rang<»,  the  vall<\v  widens  out 
into  a  broad  basin  inclosed  by  mountains,  for  a  few  njiles  below  which 
another  shorter  and  somewhat  lower  canyon  is  entered.  Helow  this 
is  a  broad,  gently  sloping  plateau-valley,  in  which  the  drainage  chan- 
nel, though  generally  sharp,  is  shallow.  This  plateau  grows  \iider 
toward  the  south,  as  also  the  valley  which  is  cut  in  it.  At  the  junction 
of  the  Muddy  Creek  and  Meadow  Creek  <lrainage,  near  West  Point  or 
Moapa,  the  valley  is  2  miles  wide. 

Meadow  Valley  Canyon  ofTei-s  exceptional  advantages  for  study. 
Most  of  the  Neva<la  dcscM-ts  are  nearl}^  level,  and  appear  to  be  filled 
with  Pleist<K»ene  accumulations,  mostly  subaerial.     Observations  in 
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some  of  these  flat  vallej's,  however,  sliow  that  Tertiary  rocks  crop  out  in 
patches  and  that  the  Pleistocene  cover  is  only  a  veneer.  But,  there 
being  no  drainage  in  these  valleys,  there  is  very  rarely  an  opportunity 
to  find  sections  cut  by  running  wat<3i*s,  so  as  to  study  the  real  valley 
filling.  In  Meadow  Creek  Canyon  we  have  such  an  opportunity. 
The  slight  incision  in  the  valley  opposite  Pioche  grows  to  a  continuous 
canyon  1,000  or  2,000  feet  deep,  whose  walls  afl'ord  excellent  sections 
of  the  Tertiary  sediments  and  lavas  which  constitute  the  real  valley 
filling  between  the  ranges  of  Paleozoic  strata  on  either  side. 

PALEOZOIC   ROCKS. 

On  the  west  of  the  valley,  the  Highland  and  Meadow  Valley  ranges, 
and  on  the  east  the  Mormon  Range,  are  composed  of  Paleozoic  strata, 
the  Highland  Range  being  chiefly  Cambrian,  the  rest  largely  Carlwn- 
iferous.  Between  these  mountain  ranges  the  valley  probably  existed 
before  the  deposition  of  any  of  the  Tertiar}'  rocks. 

RHYOLITE. 

The  oldest  of  the  post-Paleozoic  rocks  not^ed  in  Meadow  Valley  Can- 
yon was  rhyolite.  This  was  first  encountered  at  the  upper  end  of  the 
can3on,  near  Yokum's  ranch,  where  it  occurs  in  rugged  outcrops.  A 
specimen  proved  to  be  a  siliceous  biotite- rhyolite.  This  has  l)een 
eroded,  and  against  it  has  been  laid  down  a  horizontally  stratified 
whit^  rhyolite  sandstone  deriv(»d  from  it.  The  sandstone  is  hardened 
and  forms  cliff's  an<l  buttes.     The  rhyolite  is  thoroughl3Mlecomposed. 

South  of  here,  the  basal  rhyolite  may  be  trac(Ml  for  some  short  dis- 
tance in  the  canyon  walls  till  it  sinks  below  the  bottom  of  the 
canyon  and  gives  place  to  an  enormous  series  of  the  overlying  rhyolite 
sandstones,  which  contain  interbedded  thin  shet^ts  of  rhyolite.  Theiv 
are  in  many  places  evidences  that  the  basal  rhyolite  was  (»roded  l>efore 
tlie  deposition  of  the  overlying  detrital  series,  for  the  latter  often  rests 
in  the  irregularities  of  the  surface  offered  b}'  the  former.  The  rhyo- 
lites  and  the  overlying  derived  sediments  are  folded  tlmmghout  (dip- 
ping exceptionally  as  much  as  SO"",  though  usually  deviating  only 
slightly  from  the  horizontal),  and  are  often  faulted,  small  faults 
being  numerous,  and  those  of  100  feet  or  more  being  not  infrequent. 

The  basal  massive  rhyolite  was  again  observed  at  Hack  berry  Can- 
yon. In  the  section  afforded  here  the  lowest  member  is  a  white  bio- 
tite-rhyolite,  thoroughly  decomposed.  At  the  mouth  of  the  canyon 
this  rhyolite  overlies  the  CarlK)niferous  limestones  (»onformably,  the 
whole  being  folded  together  and  unconformable  to  th«»  overlying  for- 
mations. 

RHYOLITE-SANDSTONK    SERIES. 

At  the  upper  end  of  Meadow  Valley  Canyon,  at  Vokiinfs,  tlie  con- 
solidat.e<l  rhyolite  san<lstone  and  congl(mi('rat(»  which  ovtM'lies  the 
massive  rhyolite  has  already  been  described,  an<l  also  its  occurrence 
in  tlie  canyon   immediateh'  to  th(»  south,  where  it  succeeds  the  basal 
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lava  above  an  apparent  erosion  gap  and  is  folded  with  it.  The 
rhyolite-saudstone  or  tuff  series  is  overlain  unconformably  by  ande- 
site,,and  is  also  cut  by  thin  intrusive  sheets  of  it. 

There  appears  also  to  have  been  considerable  disturbance  even 
during  the  deposition  of  the  rhyolite-sandstone  or  tuff  series,  which 
is  expressed  by  slight  erosion  gaps  and  irregularities  between  adjoin- 
ing beds.  During  the  deposition  of  this  series,  therefore,  periodic 
effusion  of  thin  sheets  of  lava  and  erosion  seem  to  have  gone  on 
simultaneously.  Some  of  the  thin  rhyolite  sheets  rest  one  npon 
another  with  diverging  angles  of  banding,  indicating  to  the  observer 
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PlQ.  12.— Sketch  section  of  eawt  wall  of  Meadow  Valley  Canyon  just  south  of  Carson's  ranch, 
showing;  unconformity  between  rhyolite  sands  and  overlying  daoitic  lavas. 

at  first  sight  an  unconformity,  since  they  have  the  appearance  of 
being  white  stratified  rock. 

This  series  was  estimated  to  be  4,0()0  feet  thick,  and  is  exposed 
southward  to  a  point  about  45  miles  south  of  Pioche,  where  it  gives 
place,  on  account  of  the  general  southerly  dip  of  the  folded  beds,  to 
later  overlying  sediments  and  lavas. 

ANDESITE-LATITE   SERIES. 

There  is  found,  overlying  the  rhyolite-sandstone  or  tuff  series,  at 
Yokum's  ranch  and  in  the  canyon  to  the  south,  several  hundred  feet 
of    basic    lava,  specimens      ^  ^ 

which  proved  to  be  in  gen- 
eral bronzite-biotite-ande- 
site.  A  specimen  collecte  1 
just  above  Yokum's,  prob- 
ably from  the  same  gen- 
eral series,  is  biotite-horn- 
blende-quartz-latite. 

This    andesite-latite   se- 
ries  rests    unconformably 
upon  the  basal  rhyolite  or  on  the  overlying  rhyolite  tuff  {fig.  12)  and 
also  intrudes  them  in  thin  intercalated  sills  (fig.  13). 

From  the  northern  end  of  the  canyon  the  andesites  were  not 
observed  for  many  miles  southward,  but  in  Ilackberry  Canyon  they 
were  again  found  exposed  in  exceptionally  good  section.  Here  they 
overlie  the  basal  rhyolite  unconformably,  and  are  themselves  tilted  so 
as  to  be  unconformable  below  the  overlying  sands  and  gravels.     At 
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Fio.  13.— Sketch  section  of  west  wall  of  Meadow  Val- 
ley (.'anyon  at  same  locality  as  flg,  12,  showing 
intrusicjn  of  overlying  sheet  of  dacitic  lava  into 
underlying  rhyolite  sands. 
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this  point,  as  also  at  the  northern  end  of  Meadow  Valley  Canyon,  the 
andesite  contains  considerable  masses  of  volcanic  breccia.  It  in  con- 
siderably decomposed,  though  not  so  mnch  as  the  iinderlying  rhyolite, 
and  specimens  proved  to  be  pyroxene- andesite. 

REDDISH  DAC1TE8  AHD  KHYOL1TK8  AMD  ASSOCIATED  SEDIMENTS. 

In  the  southern  .half  of  the  northern  portion  of  Meadow  Valley 
Canyon,  above  the  open  basin  to  the  noi-tbeast  of  the  Mormon  Range, 
the  and esites  were  not  observed;  but  the  rhyolite  sandstone  or  tuff 
formation  was  found  to  be  overlain  by  beds  of  browu  and  yellow  tuff, 
containing  a  variable  amuunt<  of  retl  lava,  in  the  form  of  sheets.  Tlie 
great  variability  in  thickne».s  of  the  lava  sheet*,  and,  therefore,  of  the 
interbedded  sandstones,  makes  a  study  of  the  series  very  difficult,  no 
two  sides  of  the  eanyon  ever  matching;  but,  so  far  as  examined,  the 


voh-anic  rm-ks  found  in  this  upju'r  ri'<ldish  Keries  are  in  part  biotile- 
hornbleiide-dacile  and  in  part  pink  rhyolile.  It  is  uot  plain  In  the 
field  whether  this  sei-ies  of  daeites  and  i-edtlisli  rhyolites  is  older  or 
younger  than  the  andesites,  for  the  two  are  not  found  together;  but 
from  Ihe  fact  that  the  andesite  is  ofU^'ii  found  resting  directly  upon 
the  basal  rhyolite,  it  is  inferred  that'  it  is  probably  older  than  the 
reddish  daoit*?- rhyolite  series.  Between  the  series  of  red  lavas  and 
yellow-brown  tuffs  and  the  umlerlying  series  of  whit^.'  rhyolitesaud 
white  tulTs  there  is  n  marked  unconformity  and  erosion  gap  (fig.  14). 
The  daciles  and  reddish  rhyolites  not  only  form  interl)edded  sheets 
contetiii>oraneous  with  the  yellow-brown  tuffs,  and  furnish  many 
of  the  [lobbies  in  the  asHociated  gravels,  but  they  have  cut  the  same 
gravels  and  tuffs  as  intrusive  sills,  which  are  oflen  of  considerable 
thiekness.  Thu.s  1her<!  an^  exiwsed  scdiuns  in  the  canyon  walls  with 
the  ivddish  volcanics  at  the  base  and  the  ycllow-ln-owu  tnlTs  above, 
giving  a  false  apiwarance,  as  if  the  .sediments  were  yjun^'cr  than  the 
lava. 
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At  one  locality,  near  Kernan's  ranch,  the  brown  tuffs  and  red  lavas 
were  seen  to  be  overlain  by  a  flow  of  pyroxene-olivine-basalt,  whose 
lower  boundary  is  irregular. 

This  whole  series  of  red  lavas  and  brown  tuffs  is  broadly  folded, 
although  not  so  much  as  the  rhyolitic  series  below.  It<  has  in  general 
a  southerly  dip,  and  where  the  canyon  gives  way  below  Keman's  ranch 
to  the  broad,  level  basin  which  lies  northeast  of  the  Mormon  Range 
it  is  overlain  unconformably  by  horizontal  brown  sandstone  or  tuff 
belonging  to  a  later  epoch. 

PLIOCENE   BEDS. 

-  Ill  the  valley  near  Panaca  the  stroaiu  bottom  lias  on  both  sides 
scarps  00  to  100  feet  high,  consisting  of  liorizontally  stratified  silt  and 
sand.  These  sediments  are  sometimes  green  and  yellow  and  i)a8s  into 
rhyolitic  arkose.  The  scarps  arc*  cut  down  in  a  level  valley  plateau 
which  has  an  elevation  of  about  r),()(H)fcet;  and  from  here  on  both 
sides  a  succession  of  benches,  more  or  less  dissect e<l,  rise  to  the  moun- 
tains.    The  highest  well-marked  IkmicIi  was  estimated  at  r»,(MK)  fc(»t. 

In  the  northern  jM)rtion  of  Meadow  Valley  Canyon,  l)etwe(*n  Carson's 
and  Kenian^s  ranches,  th<^  different  series  of  interbedded  lavas  and 
tuffs  above  described,  which  are  all  more*  or  less  folded,  give  way  for 
a  few  miles  on  the  west  side  of  the  valley  to  a  dt^posit  of  about  2,000 
feet  of  clean,  brown  volcani<»  sandstone  and  tuff,  beautifully  stratified 
horizontally,  and  extending  to  the  top  of  the  hills.  The  deposits  are 
unfolded  and  unbroken,  dipping  south  about  2%  ami  having  a  maxi- 
mum elevation  of  about  o,5<M)  f<»et.  In  the  upper  part  of  this  sand- 
stone series  there  seems  to  be  a  fewslu^ets  of  rhyolite  and  basalt,  the 
basalt  being  the  younger. 

South  of  Kernan\s  ranch  a  series  of  brown,  horizontally  stratified, 
volcanic  sandstones  or  tuffs  comes  in  uncomformably  above  the 
slightly  folded  nnl  lava  and  brown  tuff  series,  an<l  fills  the  broad  basin 
which  lies  northeast  of  the  Mormon  Range.  Of  these  horizontal  sand- 
stones there  is  shown  in  the  bottom  of  the  valley  a  thickn<\ss  of  about 
800  or  9(X)  feet,  although  neither  the  bottom  nor  the  top  was  s<»en. 
Below  the  sandstones  are  barely  (exposed  horizontal  conglomerates, 
well  indurated,  and  containing  pebbles  of  various  sizes  up  to  '2  feet  in 
diameter.  This  sandstone  series  continues  south,  and  li(»s  up  against 
the  sloiM'S  of  the  Mormon  liangc?  to  a  height  of  about  'J,(MH)  feet  above 
the  valley  or  al>out  5,5(K)  feet  above  s(»a  level.  The  lower  portions  of 
the  sandstone  are  indurated,  while  the*  upper  parts  an*  softer.  They 
are  often  honeycombed  in  consequence  of  unequal  consolidation  and 
erosion.  In  one  localitv  thev  are  overlain  by  a  sheet  of  verv  ri»cent 
tordrilliti^.  These  horizontal  rocks  accjuire  a  slight  wavy  structui'e 
on  approaching  the  spur  of  Paleozoi<'  limestones  which  ccmstitutes 
the  southern  barrier  of  the  basin.  There  are  developed  gentle  folds 
with  axes  parallel  to  the  sjiur,  and  dii>s  averaging  not  more  than  10°. 
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Close  Up  to  the  limestone  buttress  the  folding  is  somewhat  closer, 
and  the  btrata  have  a  wrinkled  appearance. 

At  Hackberry  Canyon  the  same  series  of  horizontally  stratified  con- 
glomerates and  soft  sandstones  overlies  the  pyroxene-andesite,  from 
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which  it  is  separated  by  an  iincouforniity  and  an  erosion  gaji.  At  the 
month  of  Hackberry  Canyon  the  »Hint>  .series  is  fonnd,  honeycombed 
and  overlying  n  neon  turn  lably  the  uptnrne<l  basal  rhycdites.  Botli  the 
horizontal  conglomerates  and  sandstones  and  the  nnderlying  rocks 
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have  been  displaced  by  recent  fanlts,  whieli  aif  directly  expressed  in 
the  topography  (lig,  15).  Farther  south,  a  short  distanci"  diiwn  the 
main  Mi-mlow  Valley  (.'anyoii  (ur,  ns  it  is  called  at  this  point,  .Monuoa 
Canyuu),  the  horizontal   cougionici-atc  overlies   uitconl'onnably   the 
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Paleozoic  limenloiivH  hikI  sttncl- 
8tone8.  At  thm  tM)inb  ti  ruult  Iimk 
displHced  the  I'lileozok*  roi'ks,  but 
not  the  overly inf;  ooiii^hiiiu'riite.s, 
showing  that  it  wutirnKt  iM-fort.'  t)ii- 
deposition  of  the  Intlor  (lit;.  IG).  A 
short'  diMtnnce  south  ot  hi'i-u  the 
horizontal  SHndHUiDi-  is  lm>ii{r|ir  U) 
the  bottom  ot  the  cniiymi  by  llu> 
(lippitt)!  down  of  tlu^  contiu-t  Ikj- 
tween  it  nnd  the  lowpr  fiirniHtions, 
and  from  here  to  tlif  iiciKlilmtlKKHl 
of  MuapH  or  West  Point  it  i.s  the 
priucipHl  funiiiitioii  i>\iHtHHl  hi  tlx' 
valley,  the  oliler  Tertiiirj'  tletmsilK 
not  Iieing  oliserveil  and  llif  Pnlc- 
ozoic  roekf)  only  in  imtehi-s. 

From  Kane  Kpring  Noulhward  lit 
Grapevine  Spring,  ii  dishini-c  nf 
alMHit  3  niik'H,  there  is  u  vi-py  int<'i-- 
esting  seetioi)  (tig.  17).  AlM>ve  the 
upturned  and  i-rodcd  I'aleo/.ok- 
timeotones  cH-eur  the  coiiwilidatHl 
brownish  HandutoneH,  );ritN,  and 
conglomerate's  of  the  horizontal  se- 
ries. The  ct)nt;tiinii'r)ites  eouiain 
pebbles  of  limestone,  eherl,  and 
quartz  from  the  Paleo/^ti<-  serieN, 
whit«  rhyolile  from  the  lm.sjd  rhyo- 
lit«  series,  and  cliaraeterlKtie  i-ed 
Iftva  from  the  daeile-rhyollle  series 
(PI.  VI,  B).  Then-  has  been  a  slight 
local  folding  of  llie  brown  snnd- 
stones  and  eontflomenites,  whieli 
seenw  to  have  been  parlly  caused 
by  the  advent  of  a  ei nisi il era ble 
sheet  of  rhyuHle.  This  rhyulite 
overlies  the  sandsloncs  and  lias 
also  cut  inio  them  as  sills,  Prcili 
ably,  however,  part-  i»f  the  fold. 
iug  took  idaw  lM'fin-(s  the  iiitru. 
slon.  At  Grapevine  Spring  theiv 
has  been  a  late  faultin;;  whieh  has 
disphioed  llie  lava  as  well  as  the 
sandstones,  and  here  also  the  up- 
turnin}:  of  the  stmta  has  been 
IJull.  308— o:j m 
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greatest,  resulting  in  a  local  tUp  of  as  uiuch  as  45°.  Lying  upon 
the  upturned  edges  of  tlic;  brown  sandstones  here,  and  also  upon  the 
later  rhyolite,  in  a  serieK  of  consolidated  grits  and  t-ongloinerates, 
distinguished  by  a  gray  color  as  opposed  to  the  reddish  and  brown 
colors  of  the  beds  l)elow  (fig.  18).  Sonthward  from  Grapevine  Spring 
t-n  Moapa,  the  horizontal  gray  sandstone  and  conglomerate  is  contin- 
ually ol>.served  overlying  the  i-ed  and  yellow  series,  which  is  again 
horizontal  and  mostly  conformable  to  it. 

The  very  slight  folding  of  all  the  beds  which  have  teen  deseril»ed 
iinder  the  last  liead  separates  them  from  all  the  underlying  uncon- 
formable Tertiary  series.  Their  position,  struclun^,  and  distribution 
show  that  they  are  probably  lako  be<ls,  and,  indeed,  they  lie,  imrtly 


at    least,   in    inclosed   rock  basins.     These   beds  are   provisionally 
rcferi-ed  to  the  i'lioeene." 

rLKtCKNK  KHYOLITES. 

In  the  section  between  Kane  Spring  and  (Jrai>eviiie  Spring  the 
moderately  thick  sliei^t  of  ihyolite  alwve  noted  is  of  an  age  intermedi- 
ate Iwtween  tlie  lower  In-own  Pliocene  sandstone  scries  and  the  tip{>er 
gray  Pliocene  series,  since  it  overlies  the  one  and  nmlerlies  the  other. 
It  is  a  glassy  rock,  and  very  little  can  lx<  told  of  its  composition. 

PLEIHTOCKNE   HHYOLITE   AND    HASALT. 

At  several  ixiiiits  very  recent  lavas  air  se<'n,  which  form  the  lalesi 
phase  of  volcanic  iictivity  in  this  rciriim.  In  the  canyon  near  the 
northern  end  of  the  broad  basin  vvhicli  lies  noi-tiieast.  ol'  ilii-  Alotnion 
Range  the  lojunost   rock  at  one  ixtint  was  foninl   to   l.c  ji  .-ihect  of 
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pypoxene-olivine-l««»ati,  overlyinj^  with  an  irrefjiilitr  (roiitpact  strati- 
fied volcanic  sand  appaiviitly  Iteloiigin^  bi  tho  <laeitf-iv<l  rliyolibe 
period. 

Near  the  Buuthern  end  of  tliii  nanu^  liuNiii  a  Diiii  shet^l  of  glaiisy  tor- 
drillite  comet)  down  int4>  the  vall<-y,  covt^rin};  th<>  liillH  iu  uiich  a  way 
an  to  show  that  t)i«  prusent  tiipo^^rapliy  w»h  devcloiMtl  befoiit  tlie  la\'a 
effusion. 

At  Haekberry  ('aiiyon  tliin  slieots  of  frlassy  lava  ovfrli4r  tlie  hori- 
zontal PliiH'ene  sandHtoneu  and  <^'oii}!luiiicratL's.  Six-i-iniciis  of  these 
sheets,  taken  at  dilTerent  but  iifi;;hlioriiij!  |N)iiit.s,  provinl  tn  lie  tor- 
drilliteand  pyro.\eiie-i>livinc-hiii<«ll.  The  two  seem  to  Xw  piiwl H-ally 
eouteniporaiieouB,  and  lioth  iiiu»t  he  I'ej^anU'd,  fi-oin  their  position  and 


Pra  id— Bketth 
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3.  ConKlonKTalfnuilHoFtMBiidKtuii 

4.  Thln-lKHlrtwl,  BlBXjo-olivino-liav 

5.  Tbln-I>vdd»l  i-laiwy  tordrillil.^  i 

their  retatiim  lo  ihe  niuioriyii 
tocene  (flg.  l!i). 


ii.'iis  and  In  till-  tiipography,  as  I'leis- 


of  IhP 
I  von  ill 


I'LKISTiXKNK    (iRAVKLS. 

Through  all  the  rmtkii  previously  dewrilied,  exi-epl  pa 
Pleistoeene  rliyolit^s  and  basalts,  thiMlniinage  litis  cnt  n  c 
places  as  miu-h  as  :;,IKH)  feel  deep.  The  delrlliiM  rciiiove< 
catting  has  (fhiolly  been  earried  down  Iht-  valley  atid  out  to 
rado  River,  but  a  cerlain  i>ortiitn  still  tloois  llie  valley  I>otto 


SF-gfENOK    OK    KVKNTS. 

Ont  of  Ihe  eoniplii^jUi'd  conditions  ol)si'rved  at  so  ninny  ]>oin1s  in 
the  valley  of  Jleadow  freek,  the  following  rongh  secpienee  of  events 
may  be  provisionally  laid  down : 

1.  Deposition  of  the  Paleozoic  series  of  i|uartxiles  and  liinesHnies. 

2.  Elevation  of  this  series  to  a  land  mass  and  the  ci-osion  (if  the 
rocks  to  prodnn'  a  system  of  monntains  and  valleys.  This  was 
attended  by  little  or  no  folding. 

3.  Pouring  ont  of  great,  musses  of  white  hiotite-ihyoiiti-  (early- 
Tertiary.) 

4.  The  formation  of  a  si'ries  of  water-laid  rhyolilie  santlsUines  and 
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tuffs,  interbeclded  with  thin  sheets  of  rhyolite  and  rhyolite  breccias. 
This  whole  series  is  rouj^hly  estimated  at  4,000  feet  thick  and  at  the 
top  contains  relatively  more  tuffs,  while  at  the  bottom  there  are  rela- 
tively more  lavas.  Several  slight  unconformities  and  many  slight 
erosion  gaps  occur  in  the  series. 

5.  Folding  to  a  considerable  degree  of  the  whole  crust. 

6.  P^xplosive  eruptions  of  pyroxene-andesites  and  latites  of  ukkI- 
erate  extent. 

7.  The  formation  of  a  series  of  water-laid  brown  volcanic  tuffs  or 
sandstones  and  breccias,  with  interbedded  quartz-bearing  volcanics, 
chiefly  dacites  and  reddish  rhyolites.  The  sandstones  were  relatively 
thick  at  the  bottom  of  the  series,  the  volcanics  at  the  top.  The  entire 
thickness  of  the  series  is  estimated  at  3,500  feet.  There  are  some 
petty  erosion  intervals. 

8.  General  folding,  comparatively  gentle. 

9.  Deposition  of  at  least  2,000  feet  of  brown  or  red  conglomerat^es 
and  soft  sandstones,  which  are  accompanied  by  very  few  volcanic 
flows  and  so  are  distinct  from  the  pi-eceding  formations.  They  have 
remained  nearly  horizontal  and  are  probably,  in  large  part  at  least, 
lake  beds.     They  have  been  referred  to  the  Pliocene. 

10.  Drainage  of  the  Pliocene  lake,  erosion  and  slight  local  folding 
in  the  Pleistocene. 

11.  Outpouring  of  thin  sheets  of  rhyolite,  tordrillite,  and  pyroxene- 
olivine-basalt. 

12.  The  formation  of  a  small  amount  of  high  stream  gravels. 
I'i.  Cutting  down  of  the  canyon  bed  to  its  present  position. 

The  thickness  of  the  basal  rhyolite  is  not  known.  A  very  roughly 
estimated  section  of  the  overlying  formations  is  as  follows: 

Section  in  Mendow  Valley  Canyon. 

Feet. 

Rhyolite  tuff  series  . 4,000 

Audesite 600 

Re<l  lava  and  sandstone 3, 500 

Pliocene  sandstones  and  (conglomerates  ...    . 2, 50() 


Total .- 10,600 

The  succession  of  lavas,  so  far  as  (*an  be  made  out  in  this  confused 
section,  is  as  follows:  Biotit(»-rhyolite,  pyroxeue-andesite,  biotite- 
hornblende-quarlz-hitite,  biotitc-hornblende-dacite,  (juartz-latite  or 
red  rhyolite  and  tordrillite,  pyroxene-olivine-basall,  glassy  rhj'olite 
or  tordrillite^ 

MEADOW  VALLEY  RANGE. 


Thr  Meadow  Vall<\v  Range  lies  opposite  the  Mormon  Kange,  on  the 
west  si(h»  of  Meadow  Valley.  It  is  comparativtdy  low  and  irregular. 
At  the  north  end  it  passes  into  the  Highland  Range  and  at  the  south 
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into  Las  Vegas  Range,  with  whicli  it  forms  a  V.     Near  this  point  it 
becomes  broader  and  divides  into  several  parallel  petty  ridges. 

SEDIMENTARY   ROCKS. 

The  Meadow  Valley  Range  is  composed  <*liiefly  of  stratified  rocks. 

CAMBRIAN. 

'llie  mining  camp  of  Delamar  is  situated  on  the  western  slope  of 
the  Meadow  Valley  Range.  According  to  Mr.  Emmons''  the  range 
here  consists  of  limestones  underlain  by  heavy  quartzites,  these  for- 
mations corresponding  to  the  Cambrian  quai'tzites  and  the  limestones. 
There  is  a  belt  of  shale,  as  at  Pio<^he.  These  rocks  are  continuous 
northward  luU)  the  Highland  Range,  but  on  the  east  are  overlain  by 
later  volcanics. 

CARBON  IFKROUS. 

Along  the  road  which  cross(*s  the  range  from  Moa[>a  toward  Pah- 
ranagat  Valley  an  excellent  section  is  obtained.  The  rocks  are 
Paleozoic  limestones  and  form  two  synclinal  ridges,  with  an  interior 
anticlinal  valley  lM4ween.  The  eiistern  i)art  of  the  se(»tion  ccm- 
sists  of  rather  thin-l)edded  limestone,  full  of  chert  ncnlules.  These 
apparently  overlie  the  strata  of  the  west<M*nmost  ridge,  which  arc 
dark-blue,  semicrystalline  limestones,  also  full  of  chert  nodules,  and 
containing  some  <iuartz  veins.  This  is  often  fetid,  and  is  more  nuiss- 
ive  and  of  older  api)earance  than  the  other  limestcmes  of  tin*  s«M*t  ion. 

Where  the  road  cuts  through  the  low  eastern  ridge  the  follow- 
ing Upper  Carlx)niferous  fossils  were  found,  as  determined  by  Dr. 
Girty: 

Fnsnlina  cylindrica. 
Arcrhfeoc'iduris  pp. 
Prodnctns  prattenianus. 
Prodnctus  Hemireticulatna. 

From  the  apparently  lower  rocks  of  t  he  western  ridge  the  following 
fossils  were  collected  (also  Upper  Carboniferous): 

Zaphrentis  sp. 
Prodnctus?  sp. 
Spirifer  sp. 
Seininnla  sp. 
Macrocheilina?  sp. 

Between  the  western  ridge  and  the  eastern  face  of  the  Xew  Moun- 
tains to  the  west,  which  are  an  important  branch  of  Las  Vegas  Range, 
a  low  ridge  runs  along  the  middle  of  the  valley,  joining  the  more 
massive  mountains  on  the  south  at  the  angle  of  the  V.     This  ridge 


"  Oral  communication. 
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is  composed  of  fetid  thin-bedded  limestones,  like  those  just  described. 
The  following  fossils  were  found  by  Dr.  Girty  to  be  Upper  Carbon- 
iferous : 

Fnsnlina  cylindrica. 
Syringopora  multattenuata. 
Productus  semireticulatiLs. 
Prodnctns  prattenianus. 
Pleiirotomaria  sp. 

PLIOCENE. 

The  Pliocene  of  the  southern  portion  of  Meadow  Valley''  extends 
westward  and  forms  the  flanks  of  the  Meadow  Valley  Range,  abut- 
ting unconformably  against  the  upturned  Paleozoic  limestones.  The 
rocks  consist  of  horizontal  red  and  white  sandstones  and  occasional 
conglomerates,  varied  a  short  distance  east  of  Moai^a  by  a  white  con- 
solidated volcanic  ash.  The  Pliocene  strata  occupy  a  broad  belt 
running  north  and  south.  They  are  locally  slightly  folded,  dipping 
as  much  as  10*^,  but  in  general  are  horizontal. 

On  the  western  side  of  the  range,  in  the  bay  between  it  and  the 
New  Mounta,ins  and  Las  Vegas  Range,  the  same  Pliocene  sandstones 
occur. 

Some  distance  north  from  Moapa  and  just  northwest  from  Hack- 
berr}'^  Spring,  as  seen  from  Meadow  Valley,  the  Pliocene  deposits 
seem  to  rise  along  the  flanks  of  the  Paleozoic  Range  until  they  occupy 
broad  areas  covering  the  limestones  on  the  summits  of  the  range, 
they  themselves  being  capped  by  volcanics. 

IGNEOUS  ROCKS. 

In  the  northern  half  of  the  range  a  great  part  of  the  rocks  exposed 
at  the  surface  seem  to  be  volcanics,  undoubtedly  belonging  to  the 
Tertiar}^  and  Pleistocene  flows  already  described  in  Meadow  Valley 
Canyon.  They  probabl^^  are  associated  with  Tertiary  sediments 
derived  from  them,  like  the  beds  in  the  locality  mentioned. 

STRUCTURE. 

The  northern  end  of  the  range  seems  to  be  chiefl}'  volcanic,  from 
which  the  underlying  Paleozoics  emerge  in  places.  South  of  here 
appear  volcanics  and  associated  Tertiary  sediments,  and  the  main 
ridge  in  the  whole  southern  part  of  the  range  consists  of  folded  Paleo- 
zoic limestones.  Tlie  structure  in  the  Paleozoic  limestones  consists 
of  open  parallel  anticlines  and  synclines,  generally  of  no  great  width 
or  depth.  North  of  the  valley  of  the  Muddy  th(»  central  ridge  is  syn- 
clinal, with  an  anticline  closely  adjacent  to  it  on  the  eastern  flanks 
of  the  ridge.     Irregularities  in  the  erosion  sometimes  bring  this  anti- 


aSeo  dcHCTiptiona  of   Meadow  Valley  Canyon,  Mormon   Range,  and  Virgin  Range,  pp.  131, 
136,143. 
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cline  to  the  oFest  of  the  Hdge,  as  shnwu 
ill  a  Boction  olwerved  northwest  of  Kaiii 
Spring.  Just  west  of  Grapovino  SprniK 
however,  the  Hyncline  forms  the  siiiiiinit 

South  of  Muddy  Valley,  on  tht  road 
which  i-uns  westwanl  from  >Ioai>a  the 
broadening  and  dividing  range  shons  two 
print^ipalHynclinal  ridges  with  an  inter\en 
ing  non persistent  nntieliniil  vhIIo^  Ihe 
Hyncline  of  the  westerumoHt  of  tin  sc  l  idges 
appears  Ui  lie  conUnuouH  with  the  main  rj  n 
clinal  ridge  farther  north,  liesidt  s  Hit  si 
main  folds  several  petty  <mes  wiie  ol> 
served  to  the  east  of  the  easleninio«>t  laigi 
Byneline,  4:'onHist.itig  of  slight  alternating 
anticlines  an<l  syneliiies.  In  tlie  \tholi 
Beetion  no  less  than  six  adjafint  ojx  n 
folds  were  obscrveil,  the  syni'lim-i  gi  iii  r 
ally  forming  Hdgps,  the  nntielini  s  di  pus 
sions.  West  of  the  westei-iiniost  s\  rii  liiu 
a  low  Carltoiiiferous  ridge  in  the  valle^ 
ha«  a  westerly  dip,  and  in  the  dipi-es 
8ton  lietweeu  it  and  the  synelinal  iidg< 
ia  an  anticline,  as  is  shown  in  the  nionu 
tains  whieh  ti'rniinate  the  depitssioii  Ik 
(ween  the  two  ridges  a  few  mihs  faitlin 
south  (tig.  21)). 

PAHROC   RANGE. 

The  Pahroe  is  a  eonipara1i\<  h  stum 
range  of  no  gn-at  height,  lying  inmudi 
ately  west  of  the  Highland  H  m^t  an  I 
having  a  dnenorlh-southtren<l.  Its  Ii  n^tlt 
ia  not  over  -'d  mili-s  an<l  its  uiillh  nel 
more  than  ■'>  or  'i  miles.  Only  tin  nuiDi 
«ni  part,  of  the  range  wa.s  fftu  h\  tin 
writ«r,  and  that  rrinii  a  dislaiiei  il  s<  \<  uil 
miles. 

KiNKOIS    KOCKS. 

Mr.  GillH'rt"  reiiorts  that  the  I'ahi-oc 
Range,  on  the  road  fi-om  Ilikoto  I'ioche,  is 
of  lava,  whleli  extends  a  nnnilKM- of  miles 
north  and  south, 

u  L-.  S.  Ueos.  Surv.  W.  On<-  Hun<livrlth  M.ir 
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SEDIMENTARY   ROCKS. 

As  seen  from  the  north,  the  northern  end  of  the  range  is  made 
up  of  stratified  rocks  of  moderatel}'  thick  bedding,  evidently  lime- 
stones. These  rocks  extend  for  some  distance  farther  south.  Judg- 
ing from  the  rocks  found  just  north  of  here,  in  the  low  hills  which 
have  been  described  as  forming  the  connection  between  the  Pah  roc 
Range  and  tlie  southern  end  of  the  Egan  Range  a  short  distance 
northwest  of  Pioche,^  the  rocks  of  the  Pahroc  Range  thus  exposed  are 
perhaps,  in  part  at  least,  Devonian.  The  Silurian  may  possibly  be 
represented. 

STRUCTURE. 

The  limestones  which  constitute  the  northern  end  of  the  range  seem, 
when  viewed  from  a  distance,  to  be  bent  into  a  single,  regular,  anti- 
clinal fold,  which  strikes  parallel  to  the  north-south  trend  of  the  range. 
The  summit  of  the  range  appeal's  to  comprise  tlie  axis  of  the  fold,  and 
from  this  the  rocks  dip  on  l)oth  sides  at  a  gentle  angle,  averaging 
about  15°. 

HIKO  RANGE. 

The  Hiko  Range  lies  next  southwest  of  the  Pahroc  Range,  with 
which  it  is  joined  at  several  points  by  low  connecting  hills.  It  has  a 
north-south  extent  of  about  30  miles,  and,  like  the  Pahroc  Range,  it.s 
general  trend  hardly  diverges  from  a  due  north-south  line.  On  the 
west  the  Hiko  Range  is  connected  by  a  series  of  hills  with  the  Pahran- 
agat  Range,  and  this  series  of  hills  continued  farther  west  connects 
these  ranges  with  the  Timpahute  Range  and  the  WorthingU>n  Moun- 
tains.    Like  the  Pahroc  Range,  the  Hiko  Range  is  comparatively  low. 

SEDIMENTARY    ROCKS. 

Most  of  the  Hiko  Range  is  composed  of  limestone  of  Silurian  and 
Devonian  ages.  Mr.  Gilbert  *  first  described  Silurian  fossils  from 
Fossil  Butte,  just  west  of  the  main  range.  Subsequently  Mr.  Wal- 
cott^  made  an  investigation  of  the  paleontology  here,  and  described 
many  species  of  fossils.  Acc^ording  to  Mr.  Walcott  there  is  exposed 
in  Fossil  Butte  the  Pogonip  limestone  of  the  Eureka  series,  overlain 
by  the  Eureka  quartzit(».  Near  Hiko  he  found  shaly  limestone,  over- 
lain by  arenaceous  lim(»stone  carrying  a  Devonian  fauna. 

IGNEOUS   ROCKS. 

According  to  Mr.  (Tilbcrt/'  there  are  a  few  small  }>odies  of  lava  in 
the  I'auire. 


'?>' 


"  Hot*  doscTiption  of  Egan  RanK^,  p.  VJ. 

'»  U.  S.  Geog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  Ill,  p.  181. 

c  Mon.  U.  S.  Geol.  Survey  Vol.  XX,  p.  1»5. 

d  Op.  clt.,  p.  123. 
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STRUCTURE. 

Mr.  Gilbert**  found  in  the  Iliko  Range  north  of  Fossil  Butte 
westerly  dip,  but  south  of  this  point  an  easterly  dip.  There  ]u 
been  no  folding,  and  therefore  there  is  a  scissors  fault*  transveri 
to  the  range  at  about  this  point.  This  same  peculiar  structur 
feature,  according  t^  Mr.  Gilbert,  is  characteristic*  of  all  the  ridg( 
west  of  here  as  far  as  the  Tinij)ahut4>  Range. 

PAHRANAGAT   RANGE. 

The  Pahranagat  Range  lies  next  southwest  of  the  Hiko  Rang 
with  which  it  is  connected  at  its  northern  end  bv  Fossil  Butte.  Fro 
here  it  extends  southward  in  a  general  south-southeasterly  directic 
for  about  40  miles,  where  it  is  separated  from  the  Arrow  Canyc 
Mountains  by  a  comparatively  short  transverse  stn^teh  of  dese 
valley.  The  highest  mountain  in  the  rangt^  is  (Juartz  Peak,  at  i 
northern  end. 

SEDIMENTARY   ROCKS. 

Mr.  Gilbert  *■  found  Silurian  fossils  in  the  northern  end  of  tl 
range.  Mr.  Walcott^'  found  on  the  eastern  side  of  the  Pahranagj 
Range  limestones  which  he  regarded  as  possibly  belonging  to  tl 
Lone  Mountain  series  of  the  Silurian.  In  Quartz  Peak,  just  west  i 
here,  he  found  a  fine  exposure  of  Silurian  strata  comprising  the  fo 
lowing  divisions: 

Section  at  Quartz  Peak. 

Fen 

Lone  Mountain  Niagara  . .     .     . 5i 

Lone  Mountain  Trenton .  .  .     . . 5 

Eureka 4 

Pogonip -   . 7. 

Total  - .       -  . 2, 2< 

South  of  Quartz  Peak  he  found  a  great  thickness  of  limeston< 
nearly  8,0()()  feet,  in  all,  broken  only  by  thin  beds  of  yellow  sandston< 
the  heaviest  not  over  100  feet  in  thickness.  In  this  gi'eat  thicknei 
of  limestcme  he  found  no  lithoh)gl(*  variation  sufficient  to  ba»< 
divisions  upon.  From  the  fossils  contained  he  found  that  the  lim( 
stone  ranged  from  (Carboniferous  through  the  Devonian  into  ti 
Silurian.      It   was   impossible    to    draw    any    line   of    demarcatio 


«U.8.Geo|f.Surv.  W.One  Hundnnith  Mer.,Vol.III.p.:W. 

6 The  writtT  han  employed  this  term  thinkinpr  that  it  waH  already  in  use.  Mr.  Gilbert,  ho' 
ever,  who  has  examined  the  mannseript,  l)elieves  that  the  t<»rm  i»  oHginal  here,  and  it  is  thei 
fore  defined  as  a  fault  whr>fle  movement  is  like  that  of  a  pair  of  8<.u.s»:>rs  when  opened,  there  beii 
on  the  faalt  plane  an  axis  where  the  differential  movement  is  nothin^^,  while  on  one  side  of  tl 
axis  the  movement  is  the  reverse  of  what  it  is  on  the  other.  Therefore  the  rocks  on  the  t^ 
sides  of  the  faalt  plane  will  acquire  tilts  in  opposite  directions. 

eOp.cit..pp.l68,181. 

dMon.  U.  S.  Geol.  Survey  Vol.  XX, p.  196. 
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between  the  Silurian  and  Devonian,  but  dividing  the  rocks  as  well  as 
might  be  the  following  thicknesses  were  found: 

Feet. 

Carboniferous 2, 160 

Devonian . .   _ 5, 400 

Silurian  : 1.000 

IGNEOUS  ROCKS. 

Mr.  Walcott  noted  occasional  outbursts  of  acidic  lavas  in  the  Pah- 
ranagat  Range,  and  Mr.  Gilbert  describes  two  large  eruptions  of 
rhyolit^,  one  at  the  north  end  of  the  range  and  the  other  at  Logan 
Pass  at  a  cross  fault. 

STRUCTURE. 

According  to  Mr.  Gilbert  the  cross  fftult  above-mentioned  is  a  scis- 
scors^'  fault,  having  such  differential  movement  that  all  the  strata  to 
the  north  acciuired  a  westerly  dip,  while  those  to  the  south  are  tilted 
toward  the  east.  That  portion  of  the  range  which  lies  north  of  the 
cross  fault  is  divided  into  separate  north-south  ridges  by  north-south 
faults  whose  downthrow  has  been  uniformly  to  the  east.  South  of 
the  pass  the  strata  have  a  single,  monoclinal,  easterly  dip. 

ARROW  CANYON  RANGE. 

The  Arrow  Canyon  Range  has  not  been  vislt-ed  and  was  only  seen 
from  some  little  distance.  It  is  a  continuation  northward  of  that 
branch  of  Las  Vegas  Range  which  has  been  called  the  New  Mountains. 
It  has  a  general  northwesterly  trend,  parallel  with  the  main  west  arm 
of  Las  Vegas  Range,  and  has  a  length  of  more  than  20  miles.  On 
the  north  it  is  separated  from  the  Pahranagat  Range  by  a  narrow, 
transverse  valley. 

As  seen  from  several  points,  the  Arrow  Canyon  Mountains  are  made 
up  of  stratified  rocks,  well  banded,  but  eroded  so  as  to  form  nuissive 
cliffs.  This  is  the  appearance  offered  by  the  heavy  Car]>oniferous 
limestone  of  this  region,  as  shown  just  south  of  here  in  the  New 
Mountains.  It  is  possible,  therefore,  that  the  bulk  of  the  range  is 
Carl)oniferous.  To  the  north  also,  in  the  Pahranagat  Range,  Carbcm- 
iferous  rocks  are  present  in  considerable  ciuantity. 

The  strike  of  the  strata  is  parallel  with  the  trend  of  the  range. 
Along  nearly  the  whole  of  its  west<M*n  side  th(»  rocks  are  seen  to  dip 
into  the  I'ange  eastward  at  angles  of  from  l^""  to  2(f.  Fai'ther  north 
an  area  of  apparently  horizontal  strata  can  b(»  distinguislied;  so  that 
the  general  structure  of  the  range*  may  be  synclinal,  c<)rr<\sponding 
to  that  of  the  New  Mountains  to  the  south,  or  it  may  be  a  general 
monocline  dipping  eastwardly,  like  the  Pahranagat  Range. 


«See  p.  l.W  for  dofluition. 
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\  LAS  VEGAS  RANGE. 

I 

Las  Vegas  Range  forms  an  irregular  group  in  the  central  jwrtio 
of  southern  Nevada,  lying  just  east  of  another  irregular  group,  tli 
Spring  Mountain  Range.  Las  Vegsis  Range  has  hanlly  any  deflnit 
form,  but  a  prolongation  on  the  northwest  gives  it  rather  th 
aspect  of  having  a  northwesterly  trend.  This  prolongation  forms  or 
'  arm  of  a  rough  V,  of  which  the  southern  i>ortion  of  the  Meado 

Valley  Range  forms  the  other,  the  two  uniting  in  a  rugged  clustt 
of  mountains  in  the  noighborhcMKl  of  Gass  Peak.  Hiseeting  tli 
angle  of  the  V  is  a  high,  n>cky  ridge,  which  was  not  delineattnl  on  th 

f  Wheeler  survey  maps,  and  which  Ihe  writer  will  call,  for  the  imrpos 

of  description,  the  New  Mountains. 

It  is  peculiar  that  so  prominent  a  ridge  should  have  escaped  mai 
ping,  for  it  comprises  some  of  the  high(»st  mountains  in  the  souther 
I  part  of  the  State.     On  the  eastern  face  of  the  New  Mountains  is 

I  sharp  scarp  of  alK)ut  4,(KX)  feet,  rising  from  the  foothills.     This  scar 

is  often  perpendicular  for  great  Insights,  and  is  apparently  inaccei 
Isible.     The  i-ocks  are  composed  of  massive   limestone,  beautiful! 
bande<l.     To  the  north  the  New  Mountains  lH»come  low(»r  and  ai 
seimrated  from  the  Arrow  Canyon   Mountains,  which  aro  ivally 
portion  of  the  same  general  range,  by  a  transverse  valley. 

The  southwest  face  of  Las  Vegas  Range,  facing  Las  Vegas  Valle^^ 
also  possesses  a  steep  slope,  reaching  45''  at  some*  points. 
No  igneous  rock  whatever  was  found  in  Las  Vegas  Hange. 

SKDIMKNTARY   ROCKS. 
CAMBRIAN. 

From  a  point  alwut  0  or  7  miles  north  of  Mormon  Wells,  wliich  is  o 
the  wagon  trail  crossing  the  southern  portion  of  tii(»  rang(^  in  a  nortl 
easterly  direct  ion,  southward  probably  to  the  end  of  Ihe  rang<»,  th 
rocks  consist  chiefly  of  bristly  weathering  sih'c(»ous,  crystalline,  chert 
limestone,  often  having  a  p(»culiar  mottled  structure,  whi<*h  is  probj 
bly  due  to  the  rock  having  Ix^en  originally  mad(»  up  of  coral,  no^ 
recrystallized  and  unidenti^al)l(^  This  rock  islithologieally  id<»ntici 
with  Cambrian  limestones  in  the  Highland  Range  west  of  Pioche. 

On  the  divide  south  of  Mormon  Wells  tht^re  are  found  thin,  brow 
and  red,  sandy,  and  limy  slates,  changing  to  thin-be<lded  limestones 
These  contain  fossil  remains,  which  are  determint^d  b}'  Mr.  Walcot 
as  belonging  above  the  OJeneUus  zone  an<l  probably  to  the  Middl 
Cambrian.  Fragments  of  white  (juartzito  were  found  in  the  drift  hen 
which  also  suggest  the  existence  of  Lower  Cambrian  (luarzites  in  th 
mountains. 

The  same  ancient-appearing  limestones  are  continuously  expose 
along  the  road  above  mentioned,  southwest  nearly  to  Las  Vegas  Va 
ley.     At  this  point  they  give  way  to  the  underlying  Silurian. 
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Mr.  R.  B.  Rowe  noted  that  the  first  ridge  west  of  Slieep  or  Grass 
Mountain  (which  ridge  is  here  considered  the  northernmost  part  of 
Las  Vegas  Range)  consists  of  beds  of  dark-blue  and  gray  lime- 
stone, with  white  and  reddish  sandstone.  Fossils  collected  in  this 
locality  were  found  b}^  Dr.  Girty  to  be  chiefly  Devonian,  but  to  con- 
tain one  Cambrian  specimen.  Therefore,  probably  both  the  Cambrian 
and  the  Devonian  are  here  represented. 

SILURIAN. 

In  the  vallej^  just  northeast  of  Gass  Peak,  at  the  locality  above 
mentioned,  occur  cherty,  blue-gi*ay,  and  siliceous,  sometimes  green 
and  shaly,  limestones  similar  to  those  of  the  Cambrian.  The  few 
fossils  obtained  from  these  rocks  are  regarded  by  Mr.  Walcott  as  rep* 
resenting  a  horizon  about  the  base  of  the  Pogonip  (Ordovician).  Mr. 
Walcott  determined  Orthis  pervetn  (?)  and  the  tail  of  a  trilobite 
belonging  to  the  genus  Bathyurus, 

From  this  point  to  the  northwestern  end  of  the  range  the  rocks 
appear  to  be  all  limestones,  of  the  same  ancient  character  as  those 
already  described,  as  specimews  obtained  here  and  there  show.  A 
similar  limestone  extends  still  farther  northwest  into  the  southern 
end  of  the  Desert  Range,  and  was  followed  continually  along  Las  Vegas 
Valley  to  Indian  Spring  in  the  Spring  Mountain  Range.  At  Indian 
Spring  Ordovician  fossils  were  found. 

About  0  miles  northeast  of  Corn  Creek,  near  the  mouth  of  the  first 
important  canyon,  Mr.  R.  B.  Rowe  found  about  200  feet  of  dark 
blue  limestone,  containing  immense  numbers  of  gasteropods  of  enor- 
mous size,  together  with  a  few  corals.  The  fossils  collected  by  Mr. 
Rowe  were  determined  by  Dr.  Girty  us  Ordovician. 

DEVONIAN. 

The  existence  of  Devonian  limestones  in  the  ridge  west  of  Sheep  or 
Gass  Mountain,  at  the  north  end  of  the  range,  has  already  been 
mentioned. 

CARBONIFEROUS. 

The  Cambrian  rocks  in  the  neighborhood  of  Mormon  Wells  are 
apparently  separated  by  a  heavy  east- west  fault  from  the  unmetamor- 
phosed  massive  blue  limestones  whi(*h  make  up  tlie  greater  portion  of 
the  New  Mountain  ridge  and  the  auxiliary  ridges  to  the  east.  In  one 
of  these  auxiliary  ridges  a  collection  of  fossils  was  obtained,  which 
were  found  b}'  Dr.  Girty  to  be  Upper  Carboniferous.  No  north-south 
faults  were  dett*rmined,  and  the  gentle  folding,  resulting  in  slight, 
alternating  synclines  and  anticlines,  sugg(»sts  that  rocks  of  the  same 
horizon  make  up  the  New  Mountains  to  the  west. 

According  to  the  notes  of  Mr.  R.  B.  Rowe,  Uw  mountains  east  of 
Las  Vegas  contain  the  Lower  Carboniferous,  the  Carboniferous  red 
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beds,  and  the  ITpper  Cnrbouiferous  limestone,  so  far  as  can  be  seen 
from  Las  Vegas  rancli. 

From  Sheep  or  Gass  Mountain,  in  Las  Vegas  Range,  specimens  of 
OomatUes  were  brouglit  and  given  to  Mr.  Rowe.  The  fossils  seem  to 
come  from  a  soft  shale. ^ 

About  2  miles  west  of  Sheep  or  Gass  Mountain,  in  a  spur  of  that 
range,  about  5  or  0  miles  north  of  the  road  leading  from  Corn  Creek 
to  Indian  Creek,  fossils  wore  collected  which  were  determined  by  Dr. 
Girty  as  Upiwr  Carboniferous  or  Pennsylvanian,  and  in  the  same 
general  region  other  fossils  were  collected  which  were  determined  by 
Dr.  Girty  as  Lower  CarlK)niferous  or  Mississippian.  The  ridge  con- 
sists mainly  of  low  hills,  which  are  cut  extensively  by  cauyons. 

Tertiary, — Mr.  R.  H.  Rowe's  notes  on  the  Tertiary  areas  follow. 
At  Las  Vegas  and  in  the  immediate  vicinity  there  are  white  l^eds  of 
probably  volcanic  ash.  From  the  valley  some  distance  west  of  Las 
Vegas  mastodon  teeth  were  collected.  About  midway  l)etween  Com 
Creek  and  Tule  Springs  some  mast^idou  teeth  and  Iwnes  have  been 
found.     They  were  situated  in  a  clay  bank  some  10  or  IT)  feet  high. 

East  of  the  range,  at  the  summit  of  the  jmss  between  Las  Vegas 
Valley  and  Mu<ldy  Creek,  about  12  miles  east  of  Las  Vegas,  are 
red  and  yellow  Tertiary  beds  which  dip  towanl  the  Colorado  River  at 
an  angle  ranging  from  4""  to  5°.* 

The  valley  between  Las  Vegas,  Tule  Si)rings,  and  Corn  C'reek  seems 
to  be  filled  with  lake  deiK)sits.  About  Tule  Springs,  and  from  there 
up  the  valley,  are  probably  the  remnants  of  an  old,  dry  lake  l)ed  or 
playa.  The  deposits  do  not  have  the  appearance  of  the  Tert  iary  lake 
deposits,  but  resemble  exactly  the  clay  dex^osits  in  the  present  dry 
lakes.  Underlying  these  is  a  gravel  or  talus  dei)osit.  The  eroiled 
drv  lake  beds  extend  from  Corn  Creek  to  Indian  Creek. 

PLEISTCX^ENE. 

In  Las  Vegas  Valley  the  Tertiary  deposits  so  abundantly  exposed 
in  the  region  of  Meadow  Valley  are  hidden  beneath  Pleistocene 
accumulations.  This  valley  is  of  the  usual  ty|H»  of  the  desert  valleys 
of  Nevada,  with  gulch  dumps  fringing  the  niimntains,  and  in  the 
center  a  nearly  level  area  of  hard  mud  flats,  or  a  playa.  There  has 
been  no  dissection  of  these  deposits  t^o  reveal  what  lies  beneath. 

STKUCTURE. 

The  general  folding  in  T^as  Vegas  and  New  mountains  has  apparently 
resulted  in  a  rough,  shallow,  disturbed  northeast -south  west  striking 
syncline.    The  nearly  horizontal  area  in  the  cent  ral  portion  of  the  range 

«ThciHo  miiy  1m)  tho  Haiiie  as  hoido  specimens  of  (i<miatiU'A  niv.«ivod  by  Dr.  Girty  from  Mr. 
R(iwe*H  oolkHttion  after  the  death  of  Mr.  li«jwo.  They  wert»  cMmsifli'red  by  Dr.  Girty  aH  Tx)wer  ^*) 
Car>Kiiiifer«>tiM. 

''TheHO  are  the  Hamo  an  doseribed  by  the  writer  under  tlie  head  of  "Meadow  Valley  Range.'' 
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beloiiKsJn  the  trou|2;h  of  thesyncline,  while  at  tlie  northwestern  end  the 
dip  of  the  northwest  limb  of  the  fold  becomes  '30°  or  45°  southeasterly, 
or  even  more.  The  syncline  is  succeeded  by  a  much  sharper  anti- 
cline along  the  narrow  valley  separating  the  Desert  and  Las  Vegas 
ranges.  In  the  broad  central  jwrtion  of  the  syncline  there  has  been 
iri'egular  minor  folding,  chiefly  along  east-west  lines,  the  dips  gener- 
ally being  under  15°.  At  the  southern  end  of  the  range  the  general 
strike  appears  to  l>ecome  east  and  west,  and  the  dip  about  20°  north. 

The  main  fold  of  Las  Vegas  Range,  being  at  right  angles  to  the 
general  trend  of  the  mountains,  runs  across  Las  Vegas  V^alley  and  is 
probably  to  be  found  in  the  Spring  Mountain  Range  on  the  other  side, 
where,  indeed,  it  was  thought  to  have  been  identified  by  the  writer. 
Similarly,  the  various  parallel  ridges  of  limestone  which  run  trans- 
verse to  the  general  trend  of  the  range  ai-e  broken  by  the  valley  and 
find  their  continuation  in  the  Spring  Mountain  Range  opposite.  Las 
Vegas  Valley,  therefore,  differs  from  the  most  ordinary  type  in  the 
Great  Basin  in  that  it  is  transverse  to  the  general  strike  of  the  rocks. 

In  the  region  north  of  Mormon  Wells  there  is  a  marked  change 
from  massive,  unaltered,  blue  limestones,  probabl}'  belonging  to  the 
Carboniferous,  to  altered,  ancient-appt»aring,  crystalline  limestones, 
associated  with  shales  carrying  C-ambrian  fossils.  Tiie  areas  occupied 
by  these  different  rocks  may  l>e  easily  sketched,  since  the  erositm  of 
each  has  result^nl  in  peculiar  forms.  The  Cambrian  rocks  have 
rounded  topograi)hy,  without  scarps  or  evident  structure,  and  weather 
brown,  while  to  the  north  the  blue-gray  Carbon if(»ro us  rocks  have 
sharp  scarped  outlines  with  i)erfectl3^  visible  stratification.  Ina.smuch 
as  the  strike  of  the  folds  is  here  north  and  south,  which  carries  the 
Carboniferous  limestone  directly  into  the  Cambrian,  tliere  must  l)e  a 
fault  between  the  two  horizons,  and  this  fault  must  have,  as  sketched, 
a  direction  somewhat  north  of  west.  The  vertical  displacement  of  the 
fault  may  be  several  thousand  feet  and  has  resulted  in  a  downthrow 
to  the  north.  There  is  no  distinct  break  in  the  topography  along  the 
fault  line. 

The  bold  east  face  of  the  New  Mountains  suggests  a  mor(>  recent 
heavy  fault,  to  whose  displacement  the  scarp  may  perhaps  be  directly 
due. 

Th(»  following  not-i^s  on  the  structure  were  made  by  Mr.  R.  H.  Rowe: 

A  sketch  of  the  mountains  of  Las  Vegas  Range  east  of  Las  Vegas 
shows  a  constant  dip  of  about  40°  to  the  east.  A  hypothetical  fault 
is  also  shown,  which  has  the  effect  of  bringing  up  the  lower  strata  on 
the  east  side. 

Near  C^oru  Cn^ek  the  i-ocks  strike  east  and  west  and  dip  uniformly 
30°  to  th(^  nortli. 

As  has  Imm'h  n(»t(Ml,  then*  is  ai)par<'iitly  a  series  of  old,  dry  lake 
deposits  ill  Las  Vegas  Valh\v,  wliieli  are  now  biMni^  cut  int^)  by 
the  arroyos.  Tlus«%  taken  t<)g«'t]ier  with  tiio  fact  that  the  surface 
rises  about  4(M)  to  GOO  HmM.    between  Tule  Springs  and   Corn  Creek 
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and  that  the  Rame  beds  rise  still  higher  beyond  Com  ( -reek,  indieaU^  a 
comparatively  recent  elevation  of  the  upper  end  of  Las  Vegas  Valley. 
On  the  east  side  of  Las  Vegas  Range,  the  fact  that,  the  Tertiary 
beds  dip  slightly  toward  the  Colorado  at  an  angle  of  \"  or  5"  sugg(»sts 
that  the  Las  Vegas  Range  has  lH»en  slightly  raised  sincc»  the  general 
elevation  of  the  region. 

TIMPAHUTE  RANGE. 

The  following  summary  of  the  Tinipahute  Range  is  taken  from 
Mr.  Gilbert's  description.'* 

The  Timpahute  Rjinge  lies  next.  west,  from  1  In*  Paliranagat  Range 
and  imme<liately  south  of  the  Worthington  Mountains.  Its  general 
trend  is  a  little  east  of  north  and  its  lengtli  about  .'>()  miles.  The 
highest  i)ortion  is  Timpahute  IVak,  near  the  southern  end. 

SEDIMKNTAKV    KOCKS. 

At  the  south  end  of  t!u»  range  Mr.  <Tin)ert''  measured  a  thickness 
of  2,325  feet  of  strata  showing  the  following  s(»etion: 

St'ction  (it  HOHfh  rml  of  Tinijuihutr  Hanyr. 

Feet. 

1.  Heavy-bedded  Kr»y  limest^me,  li^lit  and  dark 4(K) 

2.  Yellow  argillac^eonH  shale: 

^  a.  Yellow  shale.  350  feet 

b.  Yellow  sandstone.  75  feet 

c.  Yellow  and  [jfreen  shale,  with  fillets  of  frwsiliferous  limestone  [      ^* 

(CoiKHutryphi') ,  am)  fei't  ...... 

3.  Purple,  rii)ple-marked,  vitreous  sandstone. 'with  Iwinds  of  siliceous  sliale.   1.000 


Total ...  - 2,825 

The  fossils  found  in  the  shales  above  the  basal  (luartzile  fix  the 
formation  as  Cambrian,  and  the  basal  (luartzite  is  the  same  as  the 
basal  quartzite  of  the  Highland  Range  Cambrian  section  and  also 
the  Prospeet  Mountain  quartzite  at  Eurc^ka.'' 

The  northern  portion  of  the  range  does  not  appear  to  have  been 
described.  Both  to  the  east  and  to  the  west  of  it,  in  the  Worthing- 
ton  Mountains  and  in  th<»  Paliranagat  Range*,  are  Siliirian  roeks,  in 
part  Lower  Silurian.  It  is  probable,  tliiM-efore,  that  this  nortli  end  of 
the  Timpahute  Range  is  in  part  Silurian  and  in  [)art  also  Cambrian. 

iGx::ors  rocks. 

According  to  Mr.  ixilbert,''  Timpahut.(»  Peak  is  the  ecMiter  of  a 
massive  eruption  of  rhyolite,  whieh  connects  witli  a  similar  eruption 
northeast  of  hen*  in  the  Paliranagat  Range  by  a  line  of  voleanic 
hills  which  runs  across  the  intervening  valley. 


«U.  S.  Go<»p.  Surv.  W.  Om'  Ilundrodtli  Mor..  Vol.  III. 
hUM.,  p.  1«». 

clbid.,  p.  181:  C.  D.  Wah-ott.  Bull.  U.  S.  (4«*ol.  Survfv  No.  :«>,  p. :«,  Bull.  h\,  ]».  hV,.  Ariu>ia  Hajrrn*. 
Mon.  U.  S.  Geol.  Survey  Vol.  XX,  pji.  H'u  1«U. 
''<>p.  cit.,  p  128. 
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STRUCTURE. 

The  volcanic  outburst  at  Timpahute  Peak,  according:  to  Mr.  Gil- 
bert,^ is  on  the  line  of  a  scissors  fault,  which  has  so  displaced  the 
strata  that  to  the  north  of  this  fault  they  dip  uniformly  west  while  to 
the  south  they  dip  uniformly  east.  This  fault  is  on  the  same  line  as 
a  similar  fault  northeast  of  here  in  the  Pahranagat  Range,  and 
another  still  farther  northeast  in  the  Hiko  Range,  and  in  each  of 
these  ranges  the  peculiar  tilting  of  the  strata  above  noted  is  found. 
In  the  Timpahute  Range  the  sedimentary  rocks  south  of  the  line  of 
faulting  are  separated  by  north -south  vertical  faults  which  have  a 
uniform  downthrow  to  the  west.  Mr.  Gilbert  gives  a  section  of  the 
range  showing  this  structure. 

ORE  DEPOSITS. 

In  the  Cambrian  shales  at  the  southern  end  of  the  range,  according 
to  Mr.  Gilbert,*  are  metalliferous  veins. 

DESERT  RANGE. 

The  Desert  Range  is  somewhat  irregular  and  of  moderate  height. 
It  is  divided  into  two  branches  by  an  interior  valley  which  reaches 
northward  from  the  north  end  of  the  Spring  Mountain  Range.  At 
its  north  end  the  Desert  Range  passes  into  the  valley  which  sepa- 
rates the  Timpahute  from  the  Pahranagat  Range. 

SEDIMENTARY   ROCKS. 

The  south  end  of  the  Desert  Range  was  visited  by  the  writer.  It 
consists  of  altered,  crystalline,  light-gray  limestone,  brown  weather- 
ing, often  full  of  rounded,  dot rital  quartz  grains.  There  are  also 
beds  of  black,  dense  limestone.  Similar  limest^)ne  contains  OrVlovi- 
cian  (Pogonip)  fossils  in  the  western  part  of  Las  Vegas  Range.  This 
limestone  series  can  be  distinguished  extending  northward  fully  half- 
way to  the  end  of  the  range,  at  least  20  miles.  It  is  possible  that  it 
may  contain  some  of  the  Cambrian  limestones  which  are  hardly 
separable  lithologically  from  the  overlying  Silurian. 

Mr.  F.  B.  Weeks'^  followed  along  the  west  side  of  the  range  and 
crossed  the  north  end,  at  Mud  Spring,  in  IIIOO.  He  found  the  bulk 
of  tlie  range  to  consist  of  stratified  rocks,  which  he  was  inclined  to 
consider  as  Silurian  and  Devonian,  while  on  the  north  end  these 
strata  are  replaced  by  volcanic  rocks. 

The  following  notes  were  made  by  Mr.  R.  B.  Rowe:'' 

SILURIAN. 

About  S  or  !)  miles  northeast  of  Indian  Creek,  in  the  first  range  on 
the  west  side  of  the  dry  lake  which  lies  east  of  Indian  Crrek,  and  al)out 

"  U.  S.  Oo(>K.  Siirv.  W.  One  HundnMlth  M«t.,  Vol.  HI.  pp. ;»,  ;i9. 

'•Ibid,  p.  IKl. 

«•  PorHonal  cominuniration  to  th«^  writor. 

<f  Taken  from  hin  notebooks  after  his  death  l>y  th«>  writer. 
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4  miles  north  of  the  road  from  Indian  Creek  to  Corn  Creek,  the  section 
consists  chiefly  of  dark-blue  limestone,  with  light-blue  arenaceous 
limestones  and  shaly  limestones  with  chert  layers.  There  are  also  a 
few  layens  of  white  sandstone,  i*esembling  quartzite.  Fossils  collected 
were  regarded  by  Mr.  Rowe  as  Ordovician,  and  his  impression  was 
corroborated  by  Dr.  Girty's  examination. 

The  rocks  4  miles  east  of  Indian  Creek  are  light-gray,  arenaceous,    : 
and  dark-blue  limestones,  with  layers  of  chert  and  white  sandstone, 
which  is  nearly  a  quartzite,  as  it  is  farther  east.     These  rocks  were   ; 
regarded  by  Mr.  Rowe  as  probably  Lower  Silurian.  ' 

DEVONIAN. 

About  '^  miles  northeast  of  Indian  Creek,  in  low  hills  south  of  the 
road  leading  to  the  lower  end  of  Pahranagat  Valley,  and  north  of  the 
road  tO'Corn  Creek,  fossils  were  found  in  loose  blocks  of  dark-blue 
limestone.  These  were  i*egarded  by  Mr.  Rowe  as  Middle  Devonian, 
and  were  determined  by  Dr.  Girty  as  x)robably  Lower  Devonian. 

STRUCTURE. 

At  its  southern  end  the  range  is  separated  on  tlie  southwest  from 
Las  Vegas  Range  by  a  narrow  anticlinal  valley,  the  rocks  of  the  Desert 
Range  dipping  northwest  on  the  northwest  limb  of  the  fold.  The 
general  strike  here  is  northeast,  and  a  series  of  parallel  ridges  has 
been  eroded  parallel  to  the  strike.  The  dip  continues  in  the  same 
direction  as  far  as  the  interior  valley  dividing  the  two  chief  branches, 
but  becomes  flatter,  and  the  strike  swings  around  more  toward  the 
north.  On  the  western  branch  of  the  range,  as  seen  from  the  south, 
the  rocks  are  partly  horizontal  and  partly  strike  a  little  east  of  north 
and  dip  uniformly  west  at  angles  not  exceeding  15°. 

The  valley  lying  between  the  ridge  lying  west  of  Sheep  Mountain 
and  the  range  next  west,  or  between  Las  Vegas  Range  and  the  Desert 
Range,  was  regarded  by  Mr.  Rowe  as  antic»linal  in  structure.^  The 
mountains  on  the  two  sides  dip  in  opposite  directions.  On  the  west- 
ern side  Ordovician  fossils  were  found;  on  the  eastern  side  Carbonif- 
erous and  Cambrian.  There  are  probably  large  and  numerous  faults  I 
concealed  by  the  talus.  There  is  a  great  deal  of  plainly  observable 
faulting  at  right  angles  to  the  strike.  These  faults  are  generally  not 
large,  but  are  abundant.* 

REVEILLE  RANGE. 

• 

The  Reveille  Range  is  separated  on  the  north  from  the  Pancake 
Range  by  a  narrow  trans vei*se  gap  at  Twin  Springs.  It  extends 
southeastward  from  here  a  distance  of  about  00  miles,  running 
obliquely  across  to  the  Timi)aliute  Range. 


"This  is  the  aame  anticlinal  valley  that  was  previously  ohwerved  by  the  writer  (see  alxjve) 
(J.  E  S.). 
feThis  whole  paragraph  is  from  Mr.  Rowe's  notes. 

Bull.  208—0:3 11 
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TOPOGRAPHY. 

The  range  is  somewhat  irregular  in  its  course  and  extent,  which 
arises  from  its  being  made  up  largely  of  volcanic  outbursts.  This 
also  accounts  for  the  prevalent  type  of  topography,  which  is  similar 
to  that  of  the  Pancake  Range  t-o  the  north,  showing  low  peaks  and 
broad,  gently  sloping  mesas,  which  are  shai'ply  cut  into  by  the  valleys 
eroded  since  the  period  of  lava  effusion.  At  one  or  two  points,  how- 
ever, such  as  that  near  the  old  mining  camp  of  Reveille,  patches  of 
older  Paleozoic  strata,  and  of  older  volcanics  than  those  which  form 
the  mesa-like  forms,  emerging  from  the  younger  lavas,  offer  a  series 
of  shai-p,  irregular  peaks  and  better  develoi)ed  valleys. 

SEDIMENTARY'   ROCKS. 

According  to  Mr.  Gilbert,^  the  Paleozoic  strata  which  form  the  core 
of  the  Reveille  Range  are  exposed  at  but  two  points,  one  at  Reveille 
and  the  other  00  miles  farther  south.  In  both  these  cases  the  rocks 
dip  to  the  west,  the  dip  being  steeper  at  the  more  southern  exposure. 
At  Reveille  the  strata  are  of  limestone  and  quartzite. 


•      la  S      S  lb  2 

.Horizontal  and  vsriical  scale 
;  y  O  ^  I t  Smiles 

Fi(i.  21.— Generalized  sketch  cross  secition  of  Reveille  Range  near  Reveille. 

1.  Paleozoic  (Cambrian)  qnartzite  (la)  and  limestone  (lb).      4.  Rhyolito  sandstone. 

2.  Rhyolite.  6.  Oli vine-basalt. 

3.  Porphyry  dike.s.  6.  Valley  wash  (Pleistocene). 

The  more  northerly  locality  was  visited  by  the  writer,  and  so  far  as 
a  hasty  examination  could  determine,  the  lowest  formation  seems  to 
be  a  hard  white  quartzite,  surmounted  by  a  dark-blue  massive  lime- 
stone, much  altered  and  carrying  only  indeterminable  fossils.  As 
seen  from  Reveille,  the  mountain  to  the  east  seems  to  have  at  its  base 
about  1,500  feet  of  quartzite,  capped  by  2,(XK)  feet  of  limestone.  The 
strike  is  north  and  south,  the  dij)  W.  IS""  or  20*^.  If  the  section  is 
actually  as  supposed,  the  rocks  can  hardly  be  other  than  the  Cam- 
bi-ian  quartzite  and  limestone  of  the  P^ureka  section.* 

The  strata  are  travei-sed  by  many  porphyry  dikes,  probably  con- 
nected with  the  rhyolitic  outbursts.  The  rhyolite  wraps  around  these 
limestone  mountains  in  such  a  way  as  to  show  that  the}'  were  already 
sharp  peaks  previous  to  the  pouring  out  of  the  lava  (fig.  21). 


"U.  S.  Oeop.  Siirv.  W.  One  himdredth  Mer.,  Vol.  Ill,  p.  :<!. 

^ibid.,  i>.  ITU,  Mr.  (4ill)ort  cites  Prof.  J.  J.  Stovenson  a.s  having  recognized  Carlxmiferous rock?* 
at  Reveille.  In  view,  howcviT,  of  the  <'<>nfusion  c»f  CarlKmiferons  and  older  nn-ks  at  this  i>eriod 
(several  othor  Cambrian  areas  having  In'en  referr«Ml  to  the  Carlionifi'rous)  and  in  view  of  the 
fa<'t  that  the  lithology  of  the  region  is  that  typical  of  tht*  ('iinibriun  hero,  but  in'oliably  not 
characteristi**  of  the  C*rl»oniferous,  the  writer  has  deritled  to  retain  in  the  mapping  the  Cambrian 
color. 
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TERTIARY. 

In  the  transverse  cut  au*ros8  the  northern  end  of  the  iiiountHin  ran^c 
at  Twin  Springs  the  section  consists  of  volcanic  nK*ks  and  water-laid 
tnffis  and  gravels  derived  from  them.  At  the  base  of  the  section  k 
altered  biotite-rhyolite,  and  al>ove  cHjmes  alM)nt  0(H)  feet  of  whiti 
rhyolitic  sandstone.  This  is  <;api>ed  by  10<>  feel  of  rhyolitic  tnffs  ami 
gravels,  surmounted  by  alntut  KX)  feet  of  auj^ite-olivine-basiilt. 

IGNEOUS   ROCKS. 

As  already  stated,  most  of  the  raii^c  is  made  up  of  igneous  rocks. 
Those  which  outi;rop  most  ui)on  tlie  surface  apiH»ar  to  lx»lonjr  to  the 
later,  more  basic  lavas,  of  whicli  the  auji:ite-olivine-basalt  at  Twin 
Springs  is  a  meml>er.  Tiiis  s^inie  basalt  is  found  on  tlie  east  of  the 
higher  mountains  l)etweenTwin  Sprin*rs  and  K(»veille.  Beneath  thifc 
basic  lava,  however,  the  older  biotite-rhyolite  frcMiuently  comes  to  the 
surface  and  is  distin^i^uishable  by  its  more  ruji:<i:ed  topojjjraphy. 

RELATIVK    A<JE   OF   KJNKOIS   RiK'KS. 

In  the  section  at  T^*in  Sprin«;s  it  is  shown  that  tlie  rhyolite  is  oldei 
than  the  basalt.  Between  Twin  Springs  and  Reveille  the  int4»rvenin[j 
series  of  tuffs  disapin^ara  with  increjisins?  elevation,  and  the  basalt 
mantles  around  the  base  of  craggy  rhyolite  eniinenees  in  such  a  wa> 
as  to  show  that  they  wen»  already  mountains  iH'fore  the  basalt 
appeared.  The  disapi)earance  of  the  intervening  tuffs  also  suggest.*: 
that  the  higher  rhyolitcj  peaks  were  mountains  in  the  lak(»s  in  whicli 
the  rhyolitic  tuffs  were  laid  <lown. 

ORE   DEPOSITS. 

In  the  vicinity  of  Reveilh*  are  mines  which  formc^rly  were  ver> 
profitable,  but  which  are  now  almost  entirely  d(\serted.  The*  lnine^ 
are  situated  in  a  patch  of  limestone  and  (luartzite  sunounded  b^ 
volcanic  rocks,  and  the  ores  probably  have  genetic^  con  miction  witli 
the  dikes  which  iraversi*  the  sedinientarics. 

BELTED    RANGE. 

The  Belied  Range  runs  southward  from  the  Keveilh*  Kang(»  and 
forms,  in  its  southern  part,  the  Ciistern  boundary  of  the  Amargo.sai 
Desert.  It  is  somewhat  irregular,  but  has  a  g<»neral  north-soutli 
trend.  At  its  northern  inid  it  is  separated  from  the  Reveille  Range 
by  a  slight  interval  of  low,  lava-cov(M'ed  country,  while  at  its  soutli 
end  it  is  separated  from  the  low  mountains  lying  north  of  Pahrumj 
Valley  by  a  considerable  intervening  area  of  IMcMstocene  suba(*ria^ 
dei)08its.  Its  name  has  probably  been  given  to  it  on  a<MH)unt  of  the 
horizontal  banding  visible  for  a  long  distance  on  its  steep  sides. 
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SEDIMENTARY   ROCKS. 
CAMBRIAN. 

The  Belted  Range  was  crossed  by  Mr.  (rilbert  during  his  recon- 
naissance for  the  Wheeler  survey.  He  notes  that  at  Whit<^  Bluff 
Spring  and  for  several  miles  southward  the  range  shows  an  axis  of 
quartzite.^  This  he  regards  as  the  same  formation  as  a  similar 
quartzite  recognized  in  the  Timpahute  Range,  which  is  of  Cambrian 
age. 

The  whole  southern  portion  of  the  range,  as  seen  from  the  south,  is 
of  stratified  rocks,  apparently  chiefly  limestones.  It  is  probable  that 
this  portion  of  the  range  forms  a  part  of  the  general  Cambrian- 
Silurian  area,  which  includes  part  of  the  northern  end  of  the  Spring 
Mountain  Range,  a  large  portion  of  Las  Vegas  Range,  and  at  least 
the  southern  end  of  the  Desert  Range. 

IGNEOUS  ROCKS. 
VOLCANIC  ROCJKS. 

Mr.  Gilbert*  found  that  near  White  Bluff  Spring  the  principal  mass 
of  the  range  was  of  lavas,  which  nearly  hid  the  Paleozoic  axis.  These 
lavas  stretch  northeastward  and  connect  with  those  of  the  Reveille 
Range,  and  also  extend  westward,  forming  low  mountains,  which 
divide  the  Ralston  Desert  from  the  Amargosa  Desert.  In  these 
mountains  Fortymile  Canyon  is  cut.  They  extend  westward  at  least 
as  far  as  Oasis  Valley,  which  is  the  head  of  the  Amargosa  River;  and 
they  stretch  northward  over  the  whole  of  the  Ralston  Desert.'' 

STRUCTURE. 

The  probable  structure  of  the  Paleozoic  southcM-n  portion  of  the 
range  could  only  be  uncertainly  made  out  from  a  distant  view.  In 
general,  however,  the  rocks  appear  nearly  horizontal,  but  they  some- 
times dip  as  much  as  15°  at  least.  The  general  strike  is  parallel  with 
the  trend  of  the  range. 

SPRING  MOUNTAIN  RANGE. 

The  Spring  Mountain  Range  is  an  exceedingly  irregular-shaped 
group  of  mountains,  l^ing  southwest  of  Las  Vegas  Range,  and  sepa- 
rated from  the  Kingston  Range,  farther  south,  by  the  Pah  rump 
Valley.  The  general  trend  of  the  range  is  northwest  and  southeast, 
and  its  length  in  this  direction  is  about  00  miles,  and  at  its  northern 
end,  in  the  neighborhood  of  Charleston  Peak,  the  total  width  is  as 
much  as  'M)  miles.  This  peak  constitutes  the  hiji^hest  i)orti()n  of  the 
range,  being  10,874  feet  above  the  sea,  and  is  a  eonspicuons  landmark. 
This  range  is  divided  into  numerous  ridges,  which   run  in  many  dif- 


a  U.  S.  Oo«)g.  Surv.  W.  One  Hundredth  Mer  ,  Vol.  Ill,  p.  \'£i.  f>  lhU\.  <  Seo  ]>.  ISJ. 
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ferent  directions  without  mach  visible  system.  At  at  least  two  points 
at  the  northern  base  of  the  range  there  occur  warm  sprinpt,  namely, 
Indian  Spring  and  the  spring  at  Whitens  ranch  in  Pahrump  Valley* 
This  is  interesting,  since  the  range  contains  few  igneous  rocks. 

SEDIMENTARY   RcK'KS. 
CAMBRIAN. 

The  north  end  of  the  range  was  traverseil  fn>ni  Indian  Spring 
southwest,  by  way  of  Hornet  Spring,  to  White\s  ranch.  At  Indian 
Spring  are  limestones  carrying  Lower  Carlioniferous  fi>ssils,  as  deter- 
mined by  Dr.  Girty.  Following  up  the  canyon  wliich  leads  southward 
to  Hornet  Spring  a  great  thickness  of  limestones  wjvs  passed  through, 
all  striking  a  little  north  of  eas^  parallel  in  geneml  with  the  north 
end  of  the  range,  ami  dipping  northward  at  angles  varying  from  20° 
to  65°.  The  limestone  is  all  thin  bedded.  North  of  the  summit  of 
the  pass  comes  in  a  thin  IhmI  of  vitreous  quartzite.  At  the  summit 
is  a  thick  white  vitreous  quartzite,  often  coarse  and  nearly  conglom- 
erate, beneath  Die  limestone.  Just  south  of  the  summit  there  is  an 
east-west  fault  which  cuts  olT  the  quart.zite  and  again  brings  down 
the  limestone  into  the  section.  In  this  limestone,  at  a  point  half  a 
mile  south  of  Hornet  Spring,  were  found  abundant  fossils,  which 
have  been  determined  by  Mr.  Walcott  to  l)e  Cambrian,  probably 
Middle  Cambrian.  These  fossils  are  in  blue-gray  semicrystalline 
limestone  like  that  found  al)ove  the  quartzite  north  of  the  fault.  It 
is  probable,  therefore,  that  some  of  the  limestones  exposed  in  ascend- 
ing the  canyon  north  of  the  summit  l)elong  to  the  C'aiiibrian,  and  that 
these  pass  upward  into  the  Lower  Carboniferous  limestones  at  Indian 
Spring  without  any  marked  stratigraphic  or  lithologic^  break.  The 
white  quartzite  at  the  summit  is  also  probably  ('ambrian,  since  it 
underlies  the  linu\stones. 

The  thickness  of  the  section  shown  north  of  the  fault  has  been 
estimated  at  alK>ut  17,000  feet,  of  which  an  estimated  thickness  of 
2,000  feet  may  be  taken  for  the  quartzite,  leaving  15,0(K)  feet  for  the 
limestones. 

The  Cambrian  limestones  near  Hornet  Spring  are  (continuous  only 
a  short  distance  south,  wh(Mi  they  give  plact^  abruptly  to  CarlM)nif- 
erous  limestones,  the  two  being  apparently  separated  by  an  east- west 
fault,  parallel  with  and  oJily  some  l)  miles  south  of  the  one  already 
mentioned.  From  this  point  to  the  southern  (md  of  the  rauirc^  it  is 
probable  that  no  Cambrian  rocks  are  exposed,  since  (-arboniferouH 
fossils  are  found  at  many  points. 

Mr.  K.  B.  Rowe's  notes"  on  the  (Cambrian  nmy  be  summarized  as 

follows: 

About  7  miles  ^outh  of  Indian  Sj)ring,  in  a  high  range  of  hills, 
were  found  greenish -yellow  shales,  with  thin,  dark  sandstone  bands 


a  Made  in  UNJO-lOOl.    Taken  from  bis  notebuolu,  after  bin  deatb,  by  tbe  writer. 
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contniiiin^  trilobite  iiiid  lingiiloid  shells.  These  were  underlain  by 
brownish  massive  limestone,  eontaininjij  great  numbers  of  trilobite 
remains.  These  Cambrian  rocks  appear  to  be  directly  overlain  by 
dark-blue  and  gray,  probably  Carbf^niferous,  limestones.  The  dip  of 
the  Cambrian  rocks  is  dne  north,  while  that  of  the  Carboniferous  is  to 
the  south,  suggesting  /*n  unconformity,  although  the  two  formations 
are  divided  by  a  covered  wash  2J  miles  wide.  The  Cambrian  may  be 
separated  from  the  ('arl)oniferous  here  by  a  fault  or  by  an  uncon- 
formity. 

In  the  whole  Spring  Mountain  Range  nothing  was  found  between 
the  Cambrian  and  the  Carboniferous  suggesting  a  hiatus  between  the 
two  periods. 

On  the  southwest  side  of  a  traversed  line  from  Indian  C-i*eek  to  Tule 
Springs  (on  the  east  side  of  Las  A^egas  Range),  from  a  distance 
about  5  miles  east  of  Indian  Creek  to  abont  5  miles  west  of  Corn 
Creek,  the  low  hills  near  the  valley  an^  Cambrian,  and  probably  some 
on  the  north  side  of  the  valley  also.  Al)out  0  or  7  miles  southwest  of 
Corn  Creek,  on  tlie  south  side  of  the  valley,  there  is  apparently  a 
fault,  bringing  the  Cambrian  against  what  is  probably  the  Carbon- 
iferous {f\i^,  2:?).  The  Cambrian  comprises  a  number  of  parallel 
ridges,  with  steep  south-facing  escarpments  and  with  strata  dipping 
north.     H<»tween  the  ridges  is  a  ci)vering  of  talus. 

CARBONIFEROUS. 

At  Indian  Spring  Lower  Carbcmiferous  fossils  were  found  in  a  bhick, 
fetid,  semicrvstiilline  limestone  with  l)rown  sandv  IxmIs.     1'h(»v  were 

^  %•  %■  ft 

determined  bv  Dr.  Girtv  as  follows: 

*.  ^ 

Ptilodi(;tya  sp. 
Chonetes  8p. 
pHwlnctus  of.  mesialis. 
Orthothetes  n.  »j). 

Dr.  Girty  n^marks  that  this  fauna  can  not  with  certainty  be  i)laced 
in  th(^  Lower  ( Wboniferous,  though  it  is  probably  of  that  age. 

These  rocks  probably  constitute  a  n^latively  narrow  strip  at  the 
northern  end  of  the  rang(»,  and  are  succeeded  on  the  soutli  by  older 
strata,  as  above  describtnl. 

A  few  hundriMl  yards  south  of  the  ranch  at  Indian  Spring  the  fol- 
lowing Cai'boniferous  fossils  were  collected  by  Mr.  1^\  H.  Weeks,  in 
lO(K),''  and  were  determined  by  Dr.  dirty: 

Zciphrentis  sp.  Productns  cf.  P.  Ijevicosta. 

Rliipidoinella  oweni.  Spirifor  kooknk. 

Orthothetes  inauinalis.  Spirifer  near  ueglectns. 

PrcKlnctolla  conceiitrica  ?  Seiiiiiinla  IniiiiiliH. 

PrcKbirtns  ImrliTigtoTionsis.  ramarotcechia  sp. 
Prcxlnctn.s  seiuiret  icnlatna. 


"Perstmal  «M)inuHini«-atioii  to  tlu»  writor 
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At  the  same  locality  Mr.  R.  B.  Rowe"  uoteil  and  collect.ecl  Low< 
Carboniferous  fossils.  The  rock  is  massive  and  cherty  l)luo  and  ^n 
limestone,  with  reddish  and  yellowish  shaly  and  arenaceous  layer 
The  section  is  as  follows  from  the  top  downward: 

Section  near  Indian  Springs, 

1.  Massive  cherty  blue  liineAtone,  pf)<)r  in  foflsils.    Thickness  nnknown. 
Unconformity. 

2.  Red  shales  with  thin  bands  of  bine  limestone  and  yellowish  ralcareonti  san 

stone,  about  300  feet.     Lower  Carlwniferons  fossils. 

3.  Massive  blue  limestone  fillt  d  with  crinoids  and  corals.     Thickness  nnknown. 

Fossils  collected  from  the  nnl  shales  underlying  the  upper  bli 
limestone  unconformably  were  determined  by  Dr.  (4irty  to  be  Upp< 
Carboniferous  or  Pennsylvaiiian,  rather  than  Lower  C'arboniferou 
Therefore  the  line  In^twecMi  irpj^r  and  Low(»r  ('arlK)niferou8  li< 
between  2  and  3. 

About  half  a  njile  south  of  Indian  Creek,  fossils  collected  b}'  M 
Rowe  from  the  rocks  that  apparently  underlie  lli(»  Vi'il  Ix^ds  fro 
which  the  Il'pi)er  Carboniferous  fossils  were  taken,  were  found  1 
Dr.  Girty  to  be  Lower  Carboniferous  or  Mississi])pian. 

About  7  miles  south  of  Indian  Creek,  th(?  fol'owin^  Carboniferoi 
section  was  found  by  Mr.  Rowe,  overlyinj?  the  Cambrian.  The  se 
tion  is  given  from  the  top  down. 

Section  7  milett  south  of  Indian  Creek, 

I.  Massive  dark- bine  limestonv-^,  weatherinK  rough,  and  containing  white  calci 

spots. 
8.  Light-gray,  massive,  unfossiliferous  limestone. 
3.  Massive  dark-blue  limestone,  like  No.  1. 

About  3  or  4  miles  ^outh  of  Hornet  Spring;  fossils  are  found  in  yellow 
weathering,  blue,  shaly,  argillaceous,  cherty  limestone,  which  lies 
the  south  of  the  thin-bedded  Cambrian  limest^)ne,  and  is  not  readi 
separable  from  it  in  the  field.  In  this  yellowish,  shaly  limestoi 
Fnsulina  cylitidrica  was  found,  and  the  horizon  was  therefore  dete 
mined  by  Dr.  Girty  as  Upper  Ca'^boniferous.  Southward  from  her 
as  far  as  the  point  where  the  road  entei-s  the  foothills,  the  rocks  a 
all  similar  thin-bedded  limestones. 

To  the  east,  Charleston  Peak  and  the  high  ridge  south  of  it  a 
formed  of  ma.ssive  limestone,  which  has  all  the  appearance  of  belon 
ing  to  the  great  Carl)onif(»rous  series.  Mr.  Turner  has  informcHl  tl 
writer  that  Carboniferons  fossils  have  actually  been  foun<l  on  Charle 
ton  Peak  by  surveyors. 

On  the  east  side  of  Charleston  Canyon  JVIr.  Rowe^  noted  that  tl 
range  seemed  to  bo  made  up  of  Carboniferous  limestones  Well  dov 
in  these  strata  some  fossils  were  found,  (»hiefly  FusnIuhi.  The  i'0(*] 
are  light-gray  arenaceous  limestones,  containing  considerable  ehet 


a  Taken  from  Mr.  Rowe'8  uotobookM  of  IMNlund  1901,  after  his  doath,  l»y  the  writer. 
f>  NoteboolLt).    See  above. 
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Fossils  collectetl  by  Mr.  Rowe  were  identified  by  I)i-.  Girty  as  Peiiii- 
sylvaniau  or  Upper  Carboniferous. 

In  the  foothills  of  tlie  range,  just  east  of  White's  ranch,  in  Pah  rump 
Valley,  a  collection  of  Lower  Carbonifen)U8  fossils  was  obtained,  as 
deteimined  by  Dr.  Girty: 

Zaphrentis  sp.  •        Spiriferina  sp. 

Aalopora  8p.  Athyris  lamellosa. 

Fenestella  sp.  Seminula  sp. 

LeptsBna  rhomboidalis.  Rhynchonella  sp. 

Chonetes  planumbonas?  Beyrichia  sp. 

Prodactns  cf .  mesialis.  Phillipsia  sp. 
Spirifer  cf .  grimesi. 

About  7  miles  north  of  the  above  locality  the  rocks  are  also  Carbon- 
iferous, according  to  a  note  supplied  by  Mr.  Turner.  Fossils  were 
collected  by  Mr.  F.  C.  Hoyce  from  near  Fremont  Wa.sh,  7k  miles 
north-northeast  of  Mause  post-office  (White's  ranch).  On  those  Mr. 
Schuchert,  of  the  United  States  National  Museum,  -reported: 

The  fossils  ♦  ♦  ♦  are  of  Carboniferous  age.  There  are  two  species  of  Za- 
phrentiSf  a  Syringopora  near  multati.muata  and  a  Spirifei'  fragment  too  small  for 
determination. 

South  of  Manse  the  range  was  not  visited  by  the  writer,  but  he 
observed  that  the  same  series  of  rocks  extended  east  and  south  for  a 
number  of  miles.  Mr.  Gilbert,  however,  observed  Carboniferous  rocks 
east  and  south  of  here,  at  Cottonwood  Spring"  and  at  Olcott  Peak.* 
At  the  first-named  locality  Mr.  Gilbert  made  the  following  section: 

Section  at  (^ottoiiinHMl  Spring. 

Feet. 

1.  Massive  red  and  yellow  sandstone: 

«.  Yellow,  250  feet 

h.  Red,  150  feet. 

0.  Yellow,  200  feet-.- 

d.  Red  and  shaly,  400  feet 

2.  Bedded,  fine-grained  to  saccharoid  limestone,  gray  and  cream -colored: 

beds  separated  by  shaly  layers  so  as  to  weather  in  steps.  [Phillipsiu 
(?),  Macroeheilits  {non  t/t'«.),  Naticopsis,  Acivitlopccten,  Avirithi.Mt'ek- 
vlla,  MyalinOy  Prixluctns  Hemirrticitlatus,  Spirifer  lineatiin,  Athyris 

subtilitay  Synocladiii] , .    500 

S,  Massive  gy^wum.  white  and  red,  in  lenticular  masses 0  to  70 

4.  Gray,  massive,  chert y  limestone: 

a.  Limestone  [Meekella^  Product  us,  Cha'teten,  Syringopont]  ,2!)0  feet . 

h.  Unseen:  red  (shale  ?) ,  25  feet 

c.  Limestone,  200  feet .     

5.  Friable  sandstone,  in  i)laces  shaly  or  marly;  variegated  with  brilliant 

iron  coloi-s 350 


1.000 


475 


Total 2,395 

The  fossils  here  show  that  the  rocks  of  tiie  section  are  l"pp<M'  Car- 
boniferous. At  Olcott  Peak  the  fossils,  according  to  Mr.  GillMTl,  are 
Lower  Carboniferous. 


aU.  S.  Geog.  Surv.  W  One  Hundredth  Mer.,  Vol.  Ill,  p.  im.  fcHad  ,  p  SJ 
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At  Mountain  Spring,  a  point  about  6  miles  west  of  Cottonwood 
Spring,  Mr.  Gilbert  <»  notes  that  Mr.  C.  A.  Ogden  obtained  a  set  oi 
fossils  of  facies  older  than  the  Coal  Measures.  Among  the  forms  are 
PhiUipsia,  Spirifer  (two  species  of  Devonian  aspect),  RhyncJioneUa. 
HemiproniteSy  Athyris  (distinct  from  A.  stibtUifa),  Chorieies,  Tere 
bratida  (f),  Prodivctus  (like  P.  subatndeatu.s),  and  FeiiesteUn,  Th( 
horizon  is  referred  to  the  Lower  Carboniferous. 

The  following  valuable  observations  on  the  Carboniferous  of  the 
southern  portion  of  the  Spring  Mountain  Range  were  made  by  Mr 
R.  B.  Rowe  in  19(X)-1901:* 

Lower  Carbon  if erov.s. — About  0  miles  south  of  Good  Spring,  Lowei 
Carboniferous  limestones  are  found,  probably  separated  by  an  over 
thrust  fault  from  Mesozoic  strata.  The  Carl)on  iferous  is  much  altered, 
but  in  some  of  the  layers  good  corals  are  found.  The  Mesozoic  l)ed{ 
consist  of  rich  shales  and  sandstones. 

At  Mountain  Spring  fossil-bearing  Lower  Carboniferous  beds  nol 
more  than  3,()(K)  feet  thick  occur.  Al)ove  these  are  Carboniferous  reci 
beds,  at  least  2,(HX)  feet  thick,  which  are  overlain  by  Upper  Carbon- 
iferous limestone,  from  500  to  000  feet  thick.  Beneath  the  Lower  Car 
boniferous  is  a  light-gray  arenaceous  limestone.  The  line  betweer 
this  limestone  and  the  overlying  C-arlwn iferous  limestone  is  sharpl} 
drawn.^ 

Carboniferous  red  beds  ( Upper  Carboniferous). — About  one-hall 
mile  west  of  Mountain  Spring,  on  the  road  to  Mule  Spring,  is  a  darl 
fossiliferous  limestone  lying  upon  a  light-colored,  much-altered  lime 
stone.  These  limestones  are  probably  Lower  Carboniferous.  In  the 
valley  west  of  Mountain  Spring  they  are  overlain  by  a  considerable 
thickness  (:?,00()  feet?)  of  red  ('arl>on iferous  shales  and  sandstones 
which  form  a  greater  portion  of  the  Mule  Spring  Mountains  and  are 
capped  by  the  Upper  Carboniferous  fossil-bearing  cherty  limestones 
On  the  east  side  of  Mule  Spring  Mountain  the  red  shales  and  sand 
stones  are  found  at  the  base,  e»apped  by  the  Upper  Carboniferous 
limestones. 

For  8  or  10  miles  north  and  northwest  of  Mule  Spring  the  Uppei 
Carboniferous  is  overlain  by  the  fossiliferous  Jurassic.^  There  are 
no  red  beds  or  conglomerates  between  the  two  formations,  althougl 
some  of  the  topmost  layers  of  the  Carboniferous  are  conglomeratic 
The  thickness  of  the  Upper  Carboniferous  limestone  is  al>out  500  feet 
The  thickness  of  the  Upper  Carboniferous  red  shales  and  sandstones 
exposed  in  this  region  must  be  two  or  three  times  as  much. 

Between  Mule  Spring  and  Mountain  Spring  red  sandstone  occurs 
with  a  northerly  strike  and  a  dip  20°  west. 

At  Mountain  Spring  the  Carboniferous  red  beds  lying  al>ove  th( 


« 

I 
I 


nU.S.Geog.Surv.  W.One  Hundredth  Mer.,Vol.  III.,  p.  !«). 
bTaken  from  his  notebookH,  after  his  d^th,  by  the  writer. 
<*  See  ritation  from  Mr.  OillM^rt  on  re^^on  of  Mountain  Spring,  above. 
'Mr.  Rowe's  field  determination. 
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Lower  Carboniferous  are  at  least  2,000  feet  thick,  and  are  overlain 
by  500  to  600  feet  of  Upper  Carboniferous  limestone. 

On  a  divide  along  the  road  between  (xood  Spring  and  Cottonwood 
Spring,  Carboniferous  red  l>eds  immediately  underlie  the  fossilifer- 
ous  Jurassic,^  as  is  the  case  also  at  Good  Spring;  but  about  (>  miles 
east  of  Cottonwood  Spring  the  Jurassic**  lies  directly  upon  the  Upper 
Carboniferous  limestone. 

South  of  Indian  Spring,  at  the  northern  end  of  the  range,  are  red 
shales  and  sandstones  underlying  massive  blue  limestones  uncon- 
formably.  The  shaly  layers  and  the  thin  limestone  bands  in  these 
red  beds  are  fossiliferous.  They  were  determined  by  Dr.  Girty 
as  Upper  Carboniferous.  The  formation  here  has  a  thickness  of 
about  300  feet.  It  overlies  blue«massive  Lower  CarlK>niferous  lime- 
stone. 

Upper  Carboniferous  limestone, — For  8  or  10  miles  north  and  north- 
west of  Mule  Spring  the  folded  Upper  Carboniferous  is  overlain  by 
fossiliferous  Jurassic.  ^  The  Upper  Carboniferous  limestone  is  about 
500  feet  thick;  the  Upper  Carboniferous  red  shales  and  sandstones 
about  2,000  feet  thick.  The  Upper  Carboniferous  limestone  may  l)e 
divided  about  equally  into  (1)  upper  cherty  massive  limestone,  con- 
taining abundant  fossils;  (2)  lower  light-gray,  massive  limestone, 
containing  a  few  fossils.  The  two  portions  are  divided  in  some  places 
by  layers  of  I'ed  shales  and  sandstones,  as,  for  example,  at  Cotton- 
wood Spring.  One-half  mile  west  of  Mule  Spring  Mr.  Rowe  col- 
lected fossils  determined  by  Dr.  Girty  as  Pennsylvanian  or  Upper 
Carboniferous. 

On  the  ese^irpment  of  the  west  side  of  the  Mule  Spring  Mountain 
there  is  exposed  the  Upper  Carboniferous  limestone,  underlain  by  the 
red  shale  formation. 

At  Mountain  Spring,  Carl)oniferous  red  beds  are  at  lejist  2,0(M)  feet 
thick.  They  overlie  alK>ut  3,(KX)  feet  of  Lower  C'arboniferous  straUi, 
and  underlie  Upper  Carboniferous  limestone  from  500  to  000  feet  thick. 
Beneath  the  Lower  Carboniferous  is  a  light-gray  arenaceous  limestone, 
cont4iining  no  discovered  fossils. 

At  Cottonwood  Spring  fossils  were  collected  from  the  Upper  Car- 
boniferous by  Mr.  Rowe,  and  were  subsequently  identified  as  su<^h  ])y 
Dr.  Girty.*  Upper '.Carboniferous  beds  were  followed  |some  distance 
south  of  Cottonwood  Spring;  also  east  of  Cottonwood  Spring. 

In  the  hills  north  and  northwest  of  Cottonwood  Spring  the  Upi>er 
Carboniferous  is  overlain  by  conglomerate^  and  strongly  cross*- bedded 
coarse  sandstone,  in  IhhIs  10  or  20  feet  thick.  Above  these  conglom- 
erates are  shales  and  gypsum  beds,  al)Ove  whic'h  again  are  \\w  fossil- 
iferous arenaceous  Jurassiif''  liiiieston^s. 


<«Mr.  Rowr'K  flrUl  (lotorminatioTi. 

''S«»«»  ritati«ni  from  Mr.  (liUwrt  on  Ui>iH»r  ('ttrl»(»nifer(»iirt  at  ('<>tt<)n\v<XKl  Spring?,  hJm)vo. 

«"Mr.  R<»we'H  ftfld  <l»»U»riuiiiatioii. 
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About  .3  miles  southeast  of  the  summit,  l>etween  (rood  Spring  and 
Wilson's  ranch,  the  Lower  Carboniferous  of  the  Bird  Spring  Range 
lies  against  the  Upper  Carboniferous  and  Jurassic,"  being  separated 
by  a  fault. 

About  6  miles  east  of  Cottonwood  Spring,  directly  overlooking  Las 
Vegas  Valley,  is  an  escarpment  consisting  of  Upi)er  Carlwniferous 
beds.  These  are  underlain  by  liea\'y  shales  and  brownish  micaceous 
sandstone,  much  cross- bedded.  At  this  point  the  red  l)eds  seen  are 
not  over  50  feet  thick. 

Between  Good  Spring  and  Cottonwood  Spring  the  Upper  Carbon- 
iferous repeatedly  occurs.  North  of  Good  Spring  a  low  knoll  of  the 
Upper  Carboniferous  occurs  west  of  the  road,  up  to  the  Mesozoic 
cliff  at  the  foot  of  Olcott  Peak  (Potosi  Mountain).  Near  the  sumnut 
both  Carboniferous  and  Mesozoic  rocks  occur  along  the  road.  East 
and  north  of  Cotttmwood  Spring  are  apparently  CarlM)niferous  rocks, 
while  south  and  west  are  Mesozoic. 

About  12  miles  north  of  Good  Spring,  near  the  divide  between  Good 
Spring  and  Cottonwood  Spring,  is  a  small  area  of  Upper  Carbonifer- 
ous, occupying  a  fault  zone  whicli  separates  the  pn>bably  Mesozoic 
red  sandstones  and  shales  from  the  Lower  Carboniferous  limestones 
which  make  up  Olcott  Peak.*  On  the  east  side  of  Olcott  Peak, 
about  10  miles  north  of  Good  Spring,  fossils  were  collected  by  Mr. 
Rowe  that  were  identitied  by  Dr.  Girty  as  Upper  Carboniferous  or 
Pennsylvanian. 

About  3  miles  northeast  of  Good  Spring,  in  the  Bird  Spring  Moun- 
tains, there  was  noted  about  425  fe<»t  of  gray,  brownish,  and  pinkish 
ai'enaceous  limestone.  Fossils  collected  at  three  different  horizons  in 
the  series  by  Mr.  Rowe  were  determined  by  Dr.  (irirty  to  be  Upper 
Carboniferous  or  P<»nusylvanian. 

At  (xood  Spring  the  following  section  was  obtained,  from  the  top 

down : 

Section  at  Good  Spring,  _ 

Consolidated  ancient  talus ... 6-10 

Arenju^eons  lij<ht-l»rown  limestone,  rather  thin  bedded 610 

In  part  yellowish  and  reddish  shales  and  sandstones,  which  make  the  same 

red  terrane  as  shown  at  the  ejistem  base  of  Olcott  Peak 760 

Hciiv y  conglomerate,  snbangnlar  peb])les . .    50 

Gray  limestone  with  some  red  and  pinkish  arenaceous  layers  and  cherty 
layers:  the  upper  50  feet  is  conglomeratic  and  contains  large  quartzite 
b  )wlders:  fossils  abundant  in  the  conKlomerate,  less  so  in  the  rest  .    800 

Mr.  Rowe  regards  the  50  feet  of  conglomerat-e  underlying  the  red 
beds  as  a  basal  conglomerate,  and  the  conglomerate*  at  tlie  top  of  the 
limeston(»  l>eneath  as  an  apical  conglomerate.  Fossils  of  the  lower 
conglomerate  collects  by  Mr.  Rowe  are  regarded  by  Dr.  Girt}'  as 
probably  Permian,  or  uppermt)st  Carboniferous.      Fossils  collected 

a  Mr.  Rowe'B  fleld  determination. 

<>See  citation  from  Mr.  Qilbert  on  Lower  Carboniferous  at  Olcott  Peak,  above. 
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from  the  arenaceous  limestone  overlying  the  red  beds  are  regarded!  bj- 
Dr.  T.  W.  Stanton  as  not  younger  than  Trias,  and  i>erhai>s  as  old  as 
the  Permian. 

Fossils  collected  from  the  Upper  Carboniferous  at  Cottonwood 
Spring  by  Mr.  Rowe  are  regarded  as  possiblj^  Permian  by  Dr.  Girty. 

East  and  southeast  of  Good  Spring,  along  the  road  to  Manvel, 
occurs  the  contact  of  the  Mesozoic  and  Carboniferous.  On  the  east 
and  north  are  Upper  Carboniferous  beds  with  fossils  identical  with 
those  found  at  Good  Spring.  The  red  shales,  sandstones,  and  con- 
glomerates which  lie  between  the  Upper  Carboniferous  ar.d  Jurassic 
at  Good  Spring  and  at  Olcott  Peak  are  wanting  about  5  miles  south- 
east of  Good  Spring,  and  the  calcareous  sandstones  of  the  Jurassic 
lie  directly  upon  the  Carboniferous.  The  Upper  Carboniferous  also 
has  lost  at  this  point  the  conglomerate  which  lies  at  its  top  at  Good 
Spring. 

The  mountains  near  Goo<l  Spring  are  chiefly  limestones,  with  con- 
siderable sandstone  underlying.  Fossils  collected  by  Mr.  Rowe  from 
the  lowest  rocks  exposed  in  the  Bird  Spring  Range"  were  id(*ntified 
by  Dr.  Girty  as  Pennsylvanian  or  Upper  Carboniferous. 

Correlation  tvifh  Grand  Canyon  fterUoii. — In  the  (4rand  Canyon  and 
Colorado  Plateau  i^egion  the  Carboniferous  was  studied  in  the  course 
of  the  Wheelfer  survey  by  Messra.  Gilbert  and  Marvine.  It  was 
divided  into  the  Aubrey  limestone,  the  Aubrey  sandstones,  and  the  Red 
Wall  limestone.  The  Aubrey  limestone  has  a  maximum  thickn<\ss  of 
820  feet,  and  contains  fossils  suggesting  the  Permo-C'arboniferous  of 
the  Mississippi  Valley,  and  indicating  the  close  of  the  Carl>oniferous 
age.  The  limestone  is  characterized  by  a  great  abundance  of  cluM't, 
which  toward  the  top  sometimes  constitutes  half  the  nmss.  Near  the 
middle  it  is  in  some  places  interrupted  by  a  bed  of  shale  with  gypsum. 

The  Aubrej'  sandstone  has  a  thickness  along  the  (irand  Canyon  of 
about  1,000  feet.  A  portion  is  massive  and  cross- bedded,  another 
I>ortion  soft  and  gypsiferous.  The  sandston^^s  contain  no  fossils,  but 
an  intercalated  limestone  beat's  C'oal  Measures  shells. 

The  Red  Wall  limestone  has  a  gray  color  on  fresh  fracture.  It  is 
heavy-bedded  and  massive.  Near  the  top  sandstone  alternates  with 
the  limestone  for  from  200  to  '^00  feet.  Through  its  lower  half  the 
limestone  is  interrupted  by  occasioiml  shaly  bands.  The  average 
total  thickness  is  2,500  feet.  Fossils  are  abundant  near  the  toj),  but 
in  the  low(*r  portions  are  difficult  to  find.  The  lowest  fossils  were 
found  a  little  beh)w  the  middle  of  the  series,  and  were  doubtfullv 
referred  to  the  Lower  Carboniferous.  The  fauna  of  the  upper  portion 
is  rich,  and,  while  different  from  that  of  the  Aubrey  limestone,  is 
referable  to  the  Coal  M<»asures. 

Mr.  (Tillwrt''  was  not  able  toivxactlv  corn^late  tlu*  Colorado  Plateau 

<«Tho  Kouthoni  prolongation  of  tho  Si>riiijf  Mountain  Ran>f'«.  lyin>^  <'ast  of  (JoimI  Spriuif. 
bV.  S.  GtH>K.  Surv.  W.  Oue Hundredth  Mvr  .  Vol.  Ill,  pp.  177,  17s,  ITM. 
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and  Grand  Canyon  Carbon  if  erous  with  the  Carboniferous  series  i 
the  Spring  Mountain  Range.  Nevertheless,  the  Carboniferous  d< 
scribed  by  Mr.  Rowe  seems  to  l)ear  a  general  resemblance  to  tli 
Colorado  Plateau  and  Grand  Canyon  section.  This  correlation  ma 
be  suggested : 

CUrrrelation  of  Sjfring  Mountain  and  Grand  Canyon  Hectiona. 


Gilbert  and  Marvine,  Grand  Canyon  8ec-tion. 


Rowe,  Spring  Mountain  nection. 


Aubrey  limestone,  maximum  H20  fects  Upi)er     Upper  CarboniferouH  limest^jne,  500-600  feet. 

CarboniferouB. 
Aubrey  sandstone,  ],(XX)  feet,  prol»ably  Upi>er  ■  Carboniferous  red  Handstone,  shale,  and  co 

Ofurboniferous.  jclomerate,  1,000-2,000  feet,  probably  Upp 

Carboniferous. 
Red  Wall  limestone,  Upi»er  and  Lower  Carbon-    Lower  Carboniferous  limestones,  3,000  feet. 

iferous,  2,800  feet. 


MESOZOIC. 

Eight  or  10  miles  north  and  northwest  of  Mule  Spring  the  Upp< 
Carboniferous  is  overlain  by  fossiliferous  Jurassic.^  Among  the  fo; 
sils  seen  in  the  Jurassic  Penkwrinus  astericus^  is  very  abundant. 

About  4  miles  west  of  Cottonwood  Spring  is  a  great  escarpment,  \ 
least  2,0(M)  feet  high.  It  consists  of  two  terranes,  the  lower  being  re 
shales  and  sandstones,  making  up  about  one-third  of  tlie  heigh 
Above  this  is  a  heavy  yellow  sandstone,  containing  occasional  re 
lenses.     These  rocks  are  probably  Mesozoic. 

To  the  east  and  northeast  of  Cottonwood  Spring  the  hills  appei 
to  be  Mesozoic  also. 

In  the  hills  north  and  northwest  of  Cottonwood  Spring  the  Upp< 
Carboniferous  is  overlain  by  beds  of  conglomerak*  and  (Hoarse*,  strong] 
cross-bedded  sandstone.  These  beds  are  from  10  to  20  feet  thicl 
Overlying  these  conglomerates  are  1(K)  feet  or  more  of  intercalate 
white  gypsum  beds  and  red  shales,  and  above  these  lies  the  fossi 
iferous  arenaceous  limestone  of  the  Jurassic.'*  Near  the  Iwttom  of  tl 
fossiliferous  beds  is  a  stratum  containing  a  multitude  of  Gryphii^a,^ 

About  10  miles  north  of  Wilson's  ranch,  the  (Jarbon iferous  lim< 
stone  has  Iwen  brought  above  massive  red  Mesozoic  sandstone  by 
great  overthrust  fault.  Between  Wilson's  ranch  and  Red  Spring  tl 
Mesozoic  is  also  found.  About  8  or  10  miles  north  of  Wilson's  ranc 
the  same  overthrust  fault  as  mentioned  above  was  found.  The  ma 
sive  Mesozoic  sandstone  li^re  is  colored  pink,  bright  vermilion  re< 
and  white.     It  is  strongly  cross  bedded  everywhere. 

Between  Wilson's  ranch  and  Cottonwood  Spring  the  low  hills  sho 
strata  which  contain  Jurassic  fossils. 

About  three-quartei*s  of  a  mile  south  of  the  summit,  Ix^tween  Goc 
Spring  and  Wilson's  ranch,  the  Jurassic  lies  at  the  foot  of  a  rid^ 
ma<le  up  of  Upper  Carboniferous  rocks,  the  (carboniferous  being  sep; 
rated  from  the  Mesozoic  by  a  fault. 


a  Mr.  Rowe's  field  determination. 
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At  the  foot  of  Olcott  Peak  there  is  h  cliff  composed  of  Mesozoic 
rocks.  From  here  the  Mesozoic  turns  east  and  crosses  the  road  before 
the  summit  between  Good  Spring  and  Cottonwood  Spring  is  reached. 
Near  the  summit  Carboniferous  and  Mesozoic  alternate  along  the 
road.  From  the  summit  to  Cottonwood  Spring,  Mesozoic  rocks  occur 
on  both  sides  of  the  road.  The  rocks  in  the  hills  south  and  west  of 
Cottonwood  Spring  are  Mesozoic. 

On  the  great  fault  line  which  8ei)ai*ateg  the  Mesozoic  from  the 
Carboniferous  between  Good  Spring  and  Cottonwood  Spring,  the 
fossiliferous  Jurassic  apparently  lies  l)erteath  the  red  and  white  sand- 
stones which  form  the  cliffs  west  of  Wilson's  ranch. 

At  Good  Spring  the  Mesozoic  was  found  overlying  the  Carbonifer- 
ous.    The  following  is  the  section : 

Section  of  Mesozoic  at  Qood  Spring. 

Feet. 

1.  Arenaceous  limestone 610 

2.  At  base  yellowish  and  reddish  sandstone  about  50  feet  thick.     Above  this 

are  layers  of  red  and  yellowish  shale.    This  may  be  the  same  red  terrane 

which  shows  at  the  eastern  base  of  Olcott  Peak  . 760 

8.  Heavy  conglomerate . .    50 

4.  Gray  limestone,  with  some  layers  of  red  or  pinkish  arenaceous  limestone, 
and  abundant  layers  of  chert.  The  upper  50  feet  contains  numerous 
large  quartzite  bowlders 300 

Fossils  collecteil  from  No.  1  were  described,  after  a  preliminary 
examination  by  Mr.  T.  W.  Stanton,  as  belonging  to  a  horizon  not 
3'ouiiger  than  the  Triassic,  and  possibly  as  old  as  the  Permian.  Tlie 
fossils  collected  from  No.  4  were  judged  to  be  questionably  Permian 
by  Dr.  Girty. 

East  and  southeast  of  Good  Spring,  along  Wuy  road  between  Good 
Spring  and  Manvel,  the  road  runs  along  the  contact  of  the  Mesozoic 
and  the  Carboniferous.  The  red  shales,  sandstones,  and  conglomer- 
ates which  lie  between  the  Upper  Carboniferous  and  the  Jurassic  at 
Good  Spring  and  Olcott  Peak  are  wanting  about  4  or  5  miles  south- 
east of  GcMxl  Spring,  and  the  calcareous  sandstones  of  the  Jurassic 
lie  directly  upon  the  Carboniferous. 

About  0  miles  south  of  GochI  Spring  the  Lower  Carlwniferous  seems 
to  be  overthrust  upon  the  Jurassic. 

IGNEOUS   ROCKS. 

At  Good  Spring,  near  the  southern  end  of  the  range,  Mr.  Gilbert^ 
noted  a  flow  of  basalt.  Other  than  tliis  no  igneous  rock  is  known  in 
the  whole  range.     Mr.  Howe's  notes  I'ecord  the  following: 

At  the  Keystone  mine, at  the  southern  end  of  the  range,  there  is  an 
acid  porphyry  dik(»  running  N.  17"  E.  Along  both  sides  of  this,  in  a 
talcose  material,  gold  is  found.     The  dike  dijis  from  ^o'"  to  40''  W. 

««U.  S.  Goog.  Siirv.  W.  Ouo  Hundredth  Mor.,  Vol.  III. 
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Kast  of  Bird  Spring  Range,  in  the  direction  of  the  Colorado  River, 
there  appear  to  be  extensive  lava  fields. 

STRUCTURE. 

The  general  observed  strikes  and  dips  of  the  strata  in  the  Spring 
Mountain  Range  have  been  plotted  by  the  writer  from  different  points. 
The  results  show  more  complex  folding  than  in  any  of  the  mountain 
ranges  to  the  north  and  east,  and  to  this  folding  the  irregular  shape 
of  the  range  is  probably  due.  In  an  east-west  section  the  general 
structure  of  the  range  seems  to  be  a  broad  syncline,  with  a  number  of 
minor  folds,  of  little  importance,  and  all  part  of  the  great  fold.  The 
axis  of  this  syncline  runs  northeast  and  southwest,  transverse  to  the 
general  trend  of  the  mountains  and  parallel  to  the  axes  of  the  folds 
in  Las  Vegas  Range,  already  described,  and  well  over  to  the  western 
side  of  the  mountains.  Mr.  Gilbert^  gives  a  section  of  the  Carbon- 
iferous rocks  at  C^ottonwood  Spring,  which  shows  the  southeasterly 
side  of  this  general  syncline. 

At  a  point  on  the  eastern  face  of  the  range,  due  southwest  from 
Corn  Creek  iu  Las  Vegas  Valley,  a  sharp,  slight  anticline,  constitut- 
ing a  wrinkle  in  the  general  syncline  and  with  a  parallel  axis,  may  be 
observed.  On  the  other  side  of  the  range  a  similar  anticline  runs 
along  the  foothills  northward  from  White's  ranch  for  some  distance. 
It  afterwards  api)ears  to  pass  into  and  occupy  the  narrow  north-south 
valley  between  the  northern  end  of  the  Spring  Mountain  Range  and 
the  low  clusters  of  mountains  immediately  west. 

In  a  north-south  section,  however,  the  structure  of  the  Spring  Val- 
ley Range  appears  to  l)e  anticlinal,  the  strike  at  both  the  north  and 
south  end  being  in  general  east  and  west,  and  the  dip  varying  up  to 
05°  N.  at  the  north  end  and  up  to  about  20®  S.  at  the  south  end. 

Taken  altogether,  therefore,  the  range  exhibits  a  peculiar  fold,  anti- 
clinal in  a  north-south  section,  and  showing  a  slightly  complicated  or 
wrinkled  sj-ndinorium  in  an  east- west  section.  The  portions  of  the 
center  of  the  syncline  that  should  lie  flat  dip  north  and  south  at  each 
limb  of  the  anticline. 

Except  at  the  northern  end  the  rocks  of  the  range  an^  chiefly  Car- 
boniferous. At  the  northern  end  the  Cambrian  rocks  are  brought  up, 
probably,  by  at  least  two  heavy  east-west  faults.  The  northernmost 
of  these  faults  observed  lies  north  of  Hornet  Springy  and  has  appar- 
ently brought  the  Cambrian  quartzite  into  juxtaposition  with  the 
Cambrian  limestone,  which  stratigraphically  overlies  it.  The  throw 
of  the  fault  must  be  at  least  1,000  feet,  and  its  course  can  be  traced 
across  the  country  by  the  break  in  the  quartzite.  The  second  fault 
lies  3  or  4  miles  south  of  here,  just  south  of  Hornet  Spring.  It  is 
probably  parallel  to  the  first,  although  it  can  not  be  traced  so  (»asily. 


«  U.  S.  Geog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  m. 
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sin<re  il  seiMiPHtOK  one  linietitone 
IxMly  from  another.  But  tlie  lime- 
stone t«  the  north  is  pi-oliably  Mid- 
dle C'ambriiDi,  while  ti)  the  Hoiith  it 
is  Upper  CarlK)Difeii>nH.  A  ver- 
ticHl  displace  I  nent  of  several  thoii- 
Hjiiid  f(set  is  here  evidenced,  the 
dowii>hn>w  being  to  the  south,  as 
is  also  the  case  with  the  firHt  fault 
mentioned. 

These  two  heavy  faults  have 
the  same  general  dirttclion  as  the 
heavy  fault  destribetl  in  I-a-s  Ve- 
gas Rangi',  and  like  it  they  have 
no  primary  effect  on  the  tui>onra- 
phy,  being  marked  by  no  scarps 
(tig.  22). 

A  third  fault  is  snsi>ectcd  at  Ihe 
uurthern  end  of  the  riiiige,  sepa- 
rating the  Carbonifen)UK  limestone 
fnmi  the  supjiosetlly  Silurian  lime- 
Ntoiie  of  the  immediately  adjacent 
Desert  Range.  If  this  fault  ex- 
ists, ils  downthi-ow  is,  like  the 
othei-s,  t'>  the  south  (fig.  -J-J). 

The  following  impoiliint  oKsi'i- 
vations  on  stmclure  have  been 
taken  directly  from  3lr.  Howe's 
notebooks,  aft«'r  the  writing  of  the 
above: 

About  10  miles  we!:il  and  noilli- 
weat  of   Mule  Spring,  the   I'ppi'i' 
CarlHiuiferous  is  tJirown  iiiUi  ;v  se- 
ries of  minor  faults   rnuiiing  in  a 
nearly  northwcxt   diit'clii>n.     The 
"^.c         pitch    is    very    heavy    lownjil    Ihe 
~  I         south.     'l'hes«(    are    |uobal)ly    the 
S2S     Boutiicrn    ends  of    the   folds  and 
^1  §     uplifts    which    have    brought    up 
|~^     Charleston    I'eak.     Turret  her  with 
a  |n     the  folding  there  was  a  great  deal 
'S'^'     of  minor  fjiulting.     A  fault   ttilh 
'"'"        a  throw  of  a  few  huudre<l  fi-et  is 
seen  about  oti<>-half    mile  west  of 
Mule  Spring.     On   I lii"  cast  side  of 
Mule  Spring;  is  a  sleep  ej^carpmenl 
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composed  of  Upper  OHrbotiiferuuy  limestoiieH  overlyiug  red  shales. 
In  tliU'osunrpineiit  ib  shown  a  luiuor  fault  or  a  alight  brokeu  fold 
whiuU  api>ears  to  l>e  rucent  and  hatt  diruistly  displaced  the  Nurface. 

On  the  west  side  of  Mule  Spring,  at  Mule  Spring  Mountain,  the  same 
formations  are  .shown  in  a  similar  escarpment.  Here  the  beds  at€ 
ttirown  into  minor  folds  and  faults. 

A  great  fault  runs  in  a  northerly  to  northwesterly  direction  directly 
through  the  center  of  the  main  Spring  Mountain  Kango  and  througli 
the  minor  ranges  which  are  contiuous  with  it  on  the  south  (see  map, 
Pi.  I).  This  is  shown  10  miles  north  of  Wilson's  ranch,  where  i1 
runs  nearly  due  north.  It  was  also  observed  cast  of  Mountain  Spring 
(fig.  -2i),  and  at  the  east  base  of  Olcott  Peak  (tig.  23),  and  was  traced 
past  Good  Spring  to  the  souttieatit.  At  Good  Spring  its  uoui-se  is  north 
and  south. 

Olcott   Peak 


Fin.  l«.-Seotluii  abuwinif  the  gttM  tnult  at  Olciitt  P«!t;  alter  R.  B.  Howe. 
1.  Lowur  OnrbuoJferoiM  UmBulooes.  5.  MvsoEofi;  reit  bads. 

9.  Upper  CkrbunifarooB  llmeBtoue".  B,  Hewjzolu  heavy  wbtW  Bandatoiut. 

Mountain  Spring  occupies  the  ceut«M-  of  the  important  anticline 
whieh  forms  Olcott  Peak  or  Potosi  Mountain.  East  of  Mountain 
Spring  there  is  exposed  the  great  fault.  East  of  the  fault  is  an  ero- 
sion scarp  (fig.  24). 

Between  Wilson's  ranch  and  Red  Spring,  and  about  10  miles  north 
of  Wilson's  ranch,  there  is  an  overthrust  fault,  by  which  the  Carbonif- 
erous limestone  i.s  thrust  over  tlie  massive  re<l  Mesozoic  sandstone. 
Three  imjM>rtant  faults  ai-e  -shown  here — two  running  parallel  and 
nearly  north  or  west,  the  other  (the  great  fault)  running  at  riglil 
angles,  or  nearly  north  and  south. 

At  Cott<uiwood  Spring  the  apparent  aeetiou  is: 

Jnrassic. 

Upper  Carl>oniferoaB. 

Red  Beds. 

.lurassic. 

Upper  CarlKiniferons. 

'I"his  van  only  be  explained  by  a  fault.  It  is  to  be  inferred  that  the 
fault  is  an  overthrust.     No  direct  evidence  was  seen. 
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Atxiut  1  mile  »niitli  of  Cottonwood 
Sprio^  the  ('»rlK)iiiferoHS  rockn 
strike  S.  153°  W.,  and  dip  30°  NW.    „  „ 

About  6  miles  east  of  Cotton-  g  r 
wood  Spring  a  great  escarpment  g- 1 
consists  of  Upper  Carboniferous 
beds  imderlaih  l)y  i-eddish  shales 
and  sandstoneti.  Mr.  Rowo'b  sec- 
tion indicates  that  the  escarpment 
has  been  formed  by  the  erosion  of  |-  L 
these  softer  beds.  s  \ 

In  the  valley  east  of  the  Cotton-    |-  [ 
wood  Spring  escarpment  there  is    "  ' 
probably  a  fault  within  the  shale 
belt.     This  must  be  an  overthrnat    | 
faultalongbeddingplanes,  because    ^ 
ever>'thing  r.ppears  to  be  conform-    t 
able.     Red  beds  of  the  Carbonifer- 
ous overthrust  on  the  red  beds  of 
the  Mesozoic  make  the  fault  diffi- 
cult to  see.     Two   or  three  days'    ;,  '„  - 
search  failed  to  reveal  any  direct    1 5  j 
indication  (lig.  24).  ^  'X  ' 

There   is   .some    minor   fanlting    f  |  ] 
shown  in  the  Upi>er  Carboniferous 
strata    about   Cottonwood  Spring, 
and  some  minor  folding  in  th©  Ju- 
rassic east  of  the  springs. 

On  the  divide  l>etween  (iood 
Spring  and  Cott«nwood  Spring 
there  api>ears  to  be  some  verj' 
sharp  folding  or  faulting  at  right 
angles  to  the  general  trend  of  the 
gi'cat  faults,  and  at  right  angles  to 
the  great  fault  running  on  the  east 
.side  of  the  Charleston  Range. 

The  gi<'at  fault  lying  on  tlie  east 
side  of  till'  Spring  Mountain  Range 
nuiy  1h»  followed  easily  northward 
fi-oni  Gooil  Spring  lo  the  divide  be- 
tween (ioixl  Spring  and  Cottonwood 
Spring,  12  miles.  On  tlie  east  side 
of  tlie  fault  is  lieavy-b<'dde«l  red 
sandstone  and  red  Hlu'-les.  On  Ihe 
west  iw  .Mitldle  or  Lower  Cailmii- 
iferons   and    Upper   Carboniferous 
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wedged  in  the  fault  by  the  drag 
(fig.  23),  The  Bectioii  given  by  Mr, 
Row«  shows  an  anticline  ovei- 
ihrowii  lo  the  east  and  faulted. 
The  fold  in  out  deeply  liy  canyoDs. 
Aloug  its  axis  the  rocks  are  much 
crashed  and  broken,  and  much 
minor  faulting  is  visible  in  places. 
This  great  fault  line  was  followed 
north  toward  Wilson's  ranch.  It 
changes  its  course  from  about  15" 
west  of  north,  south  of  (he  summit, 
to  4.'>°  west  of  north,  north  of  the 
KUinniit, 

A  tout  ,'J  miles  north  of  Gooii 
Spring  the  Carlxmiferous  is  folded 
into  a  sharp  aniicline  and  syncline. 

The  general  slructure  of  the  Bird 
Spring  Mouiitjiius  seems  to  Ix^  anti- 
clinal, with  a  channel  of  erosion 
along  the  apex  of  the  anticline. 
There  is  a  fault  along  the  east  side 
of  the  range  which  brings  the  Lower 
CarI)onifen>us  against  the  red  shales 
and  sandstones  of  the  Mesozoic. 
This  fault  runs  northwest  and 
southeast  (see  fig,  '25).  Atoiit  14 
miles  noi1h  of  Bird  Springs  there  is 
another  fault,  which  crosses  the  firat 
one  at  an  angle  and  brings  the 
Lower  and  Upiwr  Carboniferous 
togctliiT. 

AlMtut  6  miles  south  of  (lood 
Spring  the  Lower  Cartoiiiferous  is 
overthrust  upon  the  •hirassio.  The 
rocks  aiv  very  much  disturbed  along 
the  fault  line, 

AlM)ut  three-quarters  of  a  mile 
south  of  the  summit,  between  Gootl 
Spring  and  Wilson's  ranch,  there 
is  a  fault  which  brings  tlie  Upper 
Carton  if erous  atove  the  Jurassif-. 
The  fault  has  a  nearly  due  north- 
west course.  About  3  miles  south- 
east of  the  summit  there  is  another 
fault,  also  running  due  west,  which 
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brings  the  Upper  Carboniferous  and  Jurassic  against  the  Lower  Car- 
boniferous. These  faults  are  nearly  normal  to  the  direction  of  the 
main  northwest-running  faults.  Minor  folds  shown  at  the  summit 
seem  to  be  at  right  angles,  or  nearly  so,  to  the  main  folds  running 
northwest. 

About  6  or  7  miles  west  of  Corn  Creek,  on  the  south  side  of  the 
valley  between  Las  Vegas  Range  and  Spring  Mountain  Range,  there 
is  apparently  a  fault  bringing  the  Cambrian  against  what  is  probably 
the  Carboniferous."  The  Cambrian  comprises  a  number  of  i)arallel 
ridges  running  elast  and  west.  The  strata  dip  north.  Each  of  the 
ridges  has  a  steep  escarpment  facing  south.  Possibly  there  is  a  series 
of  faults  running  parallel  to  the  strike. 

Just  south  of  Indian  Spring,  at  the  northern  end  of  the  range,  the 
Upper  Carboniferous  limestones  show  considerable  minor  faulting 
and  folding.  Except  where  locally  folded,  the  dip  of  these  rocks  is 
generally  southwest.  About  one-half  mile  south  of  the  spring,  yel- 
lowish arenaceous  limestone  is  brought  bj'  a  fault  against  dark-blue 
cherty  limestone.  The  rocks  are  much  broken,  also,  by  minor  faults, 
which  are  hard  to  observe.  An  unconformity  is  shown  in  several 
places  between  the  red  shaly  Carboniferous  beds  and  the  overlying 
Carboniferous  limestone. 

ORE   DEPOSITS. 

In  the  extreme  southern  part  of  the  range  is  the  old  Potosi  or  Yel- 
low Pine  mining  district.  Here  there  are  veins  of  argentiferous  galena 
in  the  limestone.* 

AREA  SOUTH  OF  SPRING  MOUNTAIN. 

From  Mr.  Rowe's  notebooks  the  following  iuformat  ion  is  taken  : 
The  range  on  the  east  side  of  State  Line  Pass,  about  12  miles  south 
of  Good  Spring,  shows  fossiliferous  Car]K)niferous  limest4)iie  on  the 
west  side.  The  limestone  on  the  east  side  is  probably  also  C-arbonif- 
erous,  but  no  fossils  were  found.  The  section  made  by  Mr.  Rowe 
seems  to  show  faulting  separating  the  two  limestones.  The  beds  dip 
throughout  the  whole  section  to  the  west. 

Mr.  II.  W.  Turner  has  kindly  supplied  the  following  note: 
Locality  on  the  boundary  line  betwei^n  San  Bernardino  County, 
Nev.,  and  Lincoln  County,  Xev.,  at  State  Line  Pass,  at  about  G,CMM) 
feet  elevation.  Mr.  Schuchert  states  that  the  collection  which  was 
made  by  F.  C.  Boyce  contains  two  species — a  CJuviete^s,  wliich  is 
usually  identified  as  C.  viiUeporareiis  Edwards  and  Haime,  and  a 
Product  us  of  the  P.  com  type.  The  horizon  from  which  these  fossils 
are  derived  is  Carboniferous,  an<l  probably  TpptM*  Carboniferous. 


«ThiH  iH  very  likely  the  wime  fault  as  dewcribed  alwvo  by  tho  writer  (J.  E.  S.;. 
^Geol.  Surv.  California,  Vol.  I,  p.  471. 
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The  north  end  of  the  McCuUoh  Mountains  is  Carboniferous  and 
seemed  to  be  lithologically  like  the  Carboniferous  of  the  Bird  Spring 
Mountains,  consisting  largely  of  light-gray  arenaceous  limestones. 

KAWICH  RANGE. 

The  Kawich  Range  forms  the  southern  continuation  of  the  Hot 
Creek  Range,  from  which  it  is  separated  at  its  northern  end  only  by 
a  narrow  transverse  pass.  From  this  point  it  extends  due  south  about 
60  miles,  where  its  southern  end  runs  out  into  the  desert  valley. 

TOPOGRAPHY. 

The  range  is  high  and  is  deeply  eroded  into  bold,  craggy  mountains. 
On  both  sides  the  slope  of  the  mountains  is  steep,  especially  on  the 
west,  where  there  are  almost  impassable  cliffs.  On  the  flanks  of  the 
range  on  both  sides  of  the  rugged  backbone  are  smoother,  mesa-like 
forms. 

SEDIMENTARY   ROCKS. 
TERTIARY. 

The  only  stratified  rocks  known  in  the  Kawich  Range  are  the  rhyo- 
litic  tuffs  and  sandstones  which  occur  in  the  pass  between  the  Kawich 
and  the  Hot  Creek  mountains  and  which  also  mantle  around  the  north- 
ern base  of  the  Kawich  Range.  These  strata  are  evidently  the  same 
as  those  described  at  Twin  Springs,  between  the  Pancake  and  the 
Reveille  ranges.     They  are  closely  associated  with  Tei'tiarj'^  I'hyolites. 

IGNEOUS  ROCKS. 

The  igneous  rocks  constitute  the  whole  of  the  main  range,  so  far  as 
noted.  The  rough,  deeply  eroded  central  mass  of  the  mountains  is 
composed  of  biotite-rhyolit^  similar  to  the  basal  rhyolite  of  the  Reveille 
Range.  In  these  rhyolites,  as  in  those  of  the  Reveille  Range,  there  is 
a  i)ronounced  north-south  jointing  or  sheeting  which  is  not  found  in 
the  younger  lavas.  The  dissected  mesas  found  in  a  narrow  belt  at  the 
base  of  the  mountains  are  composed  chiefly  of  more  basic  lavas,  with 
some  acid  lavas.  From  the  western  side  of  the  i*ange,  near  its  north- 
eju  end,  specimens  of  tordrillite  and  biotite-andesit^  were  collected. 
In  the  pass  between  the  Kawich  and  the  Hot  Creek  mountains  decom- 
posed andesite  was  found. 

At  the  northern  end  of  the  Kawich  Range  the  rhyolite  abuts  against 
tlio  Paleozoic  strata  of  the  Hot  Creek  Range  in  such  a  way  as  to  show 
that  the  mountains  of  the  Hot  Creek  Range  were  alreadj'  eroded  out 
of  the  limestones  before  the  rhyolites  were  extruded. 

RALSTON  DESERT. 

East  of  the  Sierra  Nevada  there  is  a  belt  of  mountain  ranges  which 
have  a  Paleozoic  or  old  granitic  core,  which  have  considerable  heights, 
and  whose  general  trend  is  northwest  and  southeast,  parallel  with  the 
face  of  the  Sierras.  In  this  belt  the  rocks  show  frequently  compressed 
or  even  overthrown  folds,  j-et  have  experienced  vastly  le«&  ^Qk\sv>^^<$»«- 
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sion  than  the  intensely  folded  and  sheared  strata  of  the  Sierra.  East 
of  these  auxiliary  ranges  there  is  a  l)elt  which  is  comparatively  free 
from  Paleozoic  or  old  granitic  ranges.  It  has  been  covered  in  many 
places  by  late  Tertiary  or  Pleistocene  lavas,  so  as  partly  to  conceal 
the  fact  that  it  is  a  broad  depression,  but  nevertheless  this  character 
is  still  traceable  and  even  well  marked  on  a  topographic  map.  This 
great  belt  runs  northwest  and  southeast,  parallel  with  the  Sierra,  and 
separates  the  region  of  northwest-trending  ranges  on  the  west  from 
the  north-south  trending  ranges  on  the  east. 

The  Ralston  Desert  forms  a  i^rtion  of  this.  Northwest  of  the  Ral- 
ston Desert  the  depression  is  continued  bj'  the  lower  end  of  Big  Smoky 
Vallej-,  by  Sinkavata  and  Gabbs  vallej^s,  and  farther  north  by  the 
region  of  Carson  and  Pyramid  lakes.  Beyond  this  it  appears  to  run 
up  into  Oregon. 

On  the  south  the  Ralston  Desert  is  separated  f I'om  the  Amargosa 
Desert  by  an  irregular  l)elt  of  late  Tertiary  volcanic  mesas,  through 
which  Fortymile  Canyon  is  cut.  At  the  south  end  of  the  Amargosa 
Desert  the  open  belt  becomes  narrow,  but  farther  south  passes  into 
the  Mohave  Desert. 

The  Ralston  Desert  is,  bounded  on  the  north  and  south  by  late 
Tertiary  volcanic  mesas,  which,  indeed,  are  found  throughout  its  ex- 
tent, so  that  these  boundaries  are  rather  arbitrarilj'  taken.  On  the 
west  the  desert  ends  at  the  chiefly  Paleozoic  Silver  Peak  and  (4rape- 
vine  ranges,  while  to  the  east  it  is  limited  (*hiefly  by  the  rugged 
Kawich  Range,  which  appears  to  be  principally  rhyolite. 

In  general  the  desert  consists  of  an  irregular  but  nearly  level  sandy 
plain,  broken  by  bunches  of  low  mesas  or  slightly  eroded  volcanic 
mountains.  Stonewall  Mountain,  which  lies  about  30  miles  east  from 
Lida,  is  an  exception  to  this  topography,  being  a  high,  rugged  group, 
reaching  probably  9,000  feet  in  altitude,  or  4,000  feet  above  the  deseit 
at  its  base.  The  nortliern  side  of  this  mountain  is  a  steep  (^lifl*  escarp- 
ment, i>robably  1,000  or  1,200  feet  high,  and  is  perhai)s  a  simple  fault- 
scarp.     (See  PI.  VII,  A.) 

IGNEOUS   ROCKS. 
RHYOLITES. 

Stonewall  Mountain  is  entirely  nuule  up  of  rhyolite,  and  has  been 
so  deeply  enMUnl  that  it  can  not  be  of  very  recent  age.  I'his  rock  is 
probably  the  same  as  the  rugged  rhyolite  core  of  the  Kawich  Range. 
Northeast  of  Stonewall  the  low  mountains  in  which  Cactus  Corral  is 
situated  are  composed  of  rhyolite  and  tordrillite,  also  considerably 
eroded  and  probably  belonging  to  the  same  period. 

Most  of  the  hills  in  the  desert,  however,  show  comparatively  slight 
erosion.  They  represent  thin  flows,  which  have  been  very  fluid  and 
so  hav<^  run  (comparatively  long  distances  from  the  vent,  at  a  very 
slight  angle  of  descent.  So  the  edges  are  thin-benched  mesas,  while 
tlje  thickor,  innt'v  imvia  are  irregular  hills.     While  these  mesas  are 
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evidently  younger  than  the  deeply  eroded  rugged  rhyolite  of  Stone- 
wall Mountain,  yet  they  seem  to  be,  in  part  at  least,  older  than  cer- 
tain horizontally  stratified  rhyolitic  clays  which  will  presently  be 
described  as  occupying  a  large  portion  of  the  desert  between  the  vol- 
canic hills  and  underlying  the  Pleistocene  sands.  Within  these  strati- 
fied clays,  and  sometimes  capping  them,  are  also  be<l8  of  rhyolite,  very 
fine  grained  and  oft^n  glassy.  This  is  evidently  the  youngest  of  all 
the  rhyolites,  and  we  may  infer  that  the  rhyolitic  eruptions  lasted  a 
long  time,  beginning  with  those  of  Stonewall  Mountain  and  ending 
with  the  slaggy  flows  last  mentioned. 

BASALT. 

The  latest  lava  of  the  desert  is  a  flow  of  slaggy  olivine-basalt,  lying 
at  the  base  of  Jackson  Mountain,  which  is  just  east  of  Lida.  This  is 
not  only  jounger  than  the  youngest  rhyolite,  but  is  apparently  younger 
thai*  the  erosion  of  this  and  the  underlying  sediments  to  form  the 
buttes,  of  which  Jackson  Mountain  is  one. 

SEDIMENTARY   ROCKS. 
TERTIARY. 

The  main  portion  of  Jackson  Mountain  consists  of  several  hundred 
fe(»t  of  hardened,  horizontal  sands  and  clays,  containing  irregular 
fragment.;  of  rhyolite.  The  base  of  the  mountain  is  at  an  elevation 
of  5,100  feet,  so  that  the  uppermost  sediments  are  at  least  0,000  feet. 

In  the  valley  between  Stonewall  Springs  and  Cactus  Corral  there  is 
also  found  green,  hardened,  rhyolite  ash  containing  harder  fragments. 
It  is  evenly  and  horizontally  stratified  and  is  overlain  on  the  edg(»sby 
the  Pleistocene  gulch  dumps,  or  wash,  which  sometimes  ext4*nd  to 
the  middle  of  the  valley.     The  ash  is  ermled  into  hummocks. 

This  thick  series  of  volcanic  sands  and  clays  was  probal)ly  depos- 
ited in  a  body  of  standing  water  and  represents  a  lake  contemi^)rary 
with  the  later  rhyolitic  eruption.  As  seen  from  the  sediments  of  Jack- 
son Mountain,  the  lake  must  have  l)een  at  least  1,000  feet  deep  on 
th(»  desert. 

PLKISTOCENE. 

Along  the  slopes  of  all  the  mountains,  especially  of  Stonewall  ^foun- 
tain,  are  great  wash  slopes  and  gulch  dumps  fringing  the  scarp.  This 
material,  flowing  do^^Ti  into  the  valley,  overlies  the  Tei'tiary  lake 
deposits.  In  the  bottoms  of  the  valleys  are  broad,  bare  mud  flats  or 
playas,  evidently  quite  recent  and  contemporaneous  with  the  gulch 
dumps.  They  seem  to  be  simply  sinks,  where  at  intervals  water  col- 
lects and  speedily  evaporates.  Thej'^  do  not  represent  the  residuum 
of  evajjorated  Pleistocene  lakes  of  which,  moreover,  there  is  no  other 
evidence. 

LONE   MOUNTAIN. 

For  the  following  slight  description  of  Ix)ne  Mountain  the  writer  is 
indebted  to  Mr.  Turner,  since  he  himself  saw  the  mountain  only 
from  a  distance.     The  mountain  really  forms  tKw  \\vvtVVv^?c\\  v>\x^  vn\  >^<^ 
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Montezuma  Ridge  of  tlie  Silver  Peak  Range,  but  on  account  of  its 
exceptional  height  and  prominence  has  been  given  a  separate  name. 

IGNEOUS  ROCKS. 

The  main  part  of  Lone  Mountain  consists  of  craggy,  light-colored, 
massive  granitic  rock. 

SEDIMENTARY   ROCKS. 

South  of  the  granitic  area  the  central  portion  consists  of  Cambrian 
limestone«i  To  the  east  of  this  (Cambrian  belt  is  a  belt  of  Silurian 
limestones,  as  determined  by  Mr.  Turner.  Along  the  west  flanks  of 
the  mountain  the  upturned  beds  of  the  Esmeralda  formation  (earlier 
Tertiary)  occur. 

SILVER  PEAK  RANGE. 

The  Silver  Peak  Range  is  short  and  somewhat  irregular  in  form. 
It  lies  imme<liately  east  of  the  northern  end  of  the  White  Mountain 
Range,  and  like  this  range  has  a  general  northwest-southeast  trend. 
On  the  north  the  range  is  separated  by  a  low  pass  from  the  Mont<3 
Cristo  Mountains,  while  on  the  south  it  runs  into  the  northern  end  of 
the  Grapevine  and  Panamint  ranges.  From  near  the  southern  end 
of  the  range  a  spur  runs  off  to  the  north,  forming  the  eastern  boun- 
dary of  Clayton  Valley,  which  lies  between  it  and  the  nmin  range. 

The  Silver  Peak  Range  was  studied  bj'  Mr.  H.  W.  Turner  during 
the  summer  of  1809,  and  tli(»  mapping  of  the  formations  over  most  of 
the  range  has  been  kindly  furnished  by  him  to  the  writer.  Most  of 
the  following  notes  on  the  geology,  designed  to  explain  the  map,  are 
also  due  to  him.  Mr.  V.  H.  Weeks,  of  the  Geological  Survey,  also 
spent  some  time  during  the  same  season  in  the  Silver  Peak  region, 
chiefly  for  the  purpose  of  collecting  fossils,  and  the  present  writer 
passed  through  it  on  his  waj'  from  Columbus  t^)  Lida. 

The  range  is  mostly  made  up  of  folded  Paleozoic  rocks,  together 
with  intrusive  granite  and  a  large  amount  of  volcanic  material. 

SEDIMENTARY    ROCKS. 
CAMBRIAN. 

Fossils  obtained  by  Mr.  J.  K.  Clayton,  as  early  as  180G,  at  Silver 
Peak,  and  first  regarded  as  Silurian  or  Devonian,  were  shown  by  Mr. 
Walcott^'  to  be  Middle  Cambrian.  The  studies  of  Mr.  Turner  have 
furnished  many  details  concerning  these  Cambrian  rocks,  whicli 
occupy  considerable  portions  of  the  range.  In  some  of  the  Cam- 
brian limeston<»s  masses  of  the  same  corals  occur  as  in  tlu^  White 
Mountains  to  the  west,  so  that.  Mr.  Walcott  regarded  the  two  occur- 
rences as  (\ssentially  forming  part  of  a  single  reef. '' 

The  chief  area  of  C'ambrian  is  north  of  Silver  Peak,  where  it  is 
capped  by  volcanic  rocks  in   many  places.     The  buttes   in  Clayton 


aBull.  U.  S.  Geol.  Survey  No.  :>1,  p.  :tt.  ^  Am.  Jour.  S<i.,  ',k\  s*jri»^,  Vol.  XLIX  ,  j..  144. 
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V.ille}'  lire  also  largely  Cambrian.     The  section  consists  of  comx>ara- 
t  ively  massive  limestones  and  quartzites. 

Along  the  i-oad  leading  from  Silver  Peak  by  way  of  Barrel  Springs 
to  the  southern  end  of  the  range  at  Lida,  the  rocks  are  chiefly  Cam- 
brian limestones.  At  Lida  the  writer  collected  fossils  referred 
bv  Mr.  Walcott  to  the  Lower  Cambrian. 

SILURIAN. 

Mr.  Turner  found  overlying  the  Cambrian  limestones  other  lime- 
stones containing  occasional  graptolites,  which  he  therefore  refers  to 
the  Silurian .  An  area  of  these  Silurian  rocks  occurs  north  of  Benderes 
Pass,  while  a  belt  of  the  same  rocks  occurs  encircling  a  granitic  area 
north  of  Palmetto.  Silurian  rocks  are  also  found  on  the  vsouthwest- 
ern  e<lge  of  the  branch  mountain  ridge  alxjve  described,  which  may 
be  called  the  ''MontiCzuma  Ridge"  from  the  mining  camp  which  is 
situated  on  it. 

RARTA'   TERTIARY. 

On  the  flanks  of  this  range  Mr.  Turner  has  descri]>ed  sediments  to 
which  he  gives  the  name  of  the  Esmeralda  formation.''  These  deposits 
consist  of  sandstones,  shales,  volcanic  tuffs,  breccias,  and  conglom- 
erates, and  great  thicknesses  of  lacustral  marLs.  Coal  beds  and  plant 
remains  occur;  also  fossil  shells  and  fish  bones.  From  this  fossil  evi- 
dence the  age  of  the  beds  is  broadly  determined  as  late  Eocene  or 
early  Miocene.  The  beds  are  nearly  always  folded,  dipping  from  10° 
to  40 ',  but  the  entire  thickness  may  be  several  thousand  feet. 

PLIOCENE. 

A  butte  in  Clayton  Valley,  northeast  from  Silver  Peak,  which  is 
capped  by  olivine-basalt,  is  chiefly  made  up  of  horizontally  stratified, 
partially  ccmsolidated,  green  volcanic  ash  and. tuff,  with  pebbles  of 
dark  hiva.  The  stratified  heda  are  undoubtedly  water-laid  and  are 
probably  unconformable  with  the  folded  Tertiary  series  just  described, 
which  occurs  in  patches  all  over  the  valley  to  the  north  of  here.  In 
general  appearance  the  beds  are  like  the  Pliocene  sediments  which 
have  such  a  broatl  distribution  north  of  here,  such,  for  example,  as 
occur  on  the  pass  l)etween  the  Candelaria  Mountains  and  the  Pilot 
Mountains.  They  are  also  similar  to  the  latter  occurrence  in  being 
capped  by  olivine-basalt  and  not  being  folded. 

(roing  south  from  Silver  Peak  to  Barrel  Springs,  the  slopes  of  the 
mountains  consist  of  i*olled  gravels  whose  pebbles  are  derived  from 
most  of  the  rocks  around,  including  the  lavas.  These  extend  back 
eastward  to  the  hills  of  the  Montezuma  Ridge,  which  are  made  up 
partly  of  volcanic  rock.  In  the  canyon  below  Barrel  Springs  the 
stratified  gravels  and  sands,  containing  rhyolit^  pebbles,  are  found  to 
lie  against  the  eroded  edge  of  a  deposit  of  white  volcanic  ash  and 
pumice  apparently  water-laid,  and  this  ash  lies  against  the  eroded 
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edge  of  the  slightly  dipping  Cambrian  limestone.  These  grav^els  and 
sands  seem  to  be  the  same  as  those  in  the  butt<^  descrilxMl  above. 

In  the  outlying  hills  of  the  southern  part  of  the  range  just  east  of 
Lida  is  a  series  of  hardened,  stratified,  greenish  ola^s  and  sands  con- 
taining fragments  of  rhyolite.  These  clays  have  sometimes  been 
eroded  to  form  buttes,  especially  where  capi>ed  by  lava.  They  are 
horizontally  stratified  and  undisturbed,  and  are  younger  than  the 
flow  of  oli vine-basalt  which  sometimes  mantles  around  Ww  base  of 
the  buttes. 

The  deposits  in  these  different  localities  ma}'  be  provisi<mally  cor- 
related with  the  other  sediments  which  have  alreadv  been  ascribed  to 
the  Pliocene-Pleistocene  Shoshone  Lake. 

IGNEOUS   ROCKS. 

in  the  Silver  Peak  region  the  igneous  roi'ks  aro  abundant  and 
varied. 

ORANITKS. 

Granites  occupy  considerable  areas,  and  field  evulence  shows  that 
they  are  intrusive  into  the  Paleozoic  sediments,  but  not  into  the 
Tertiary  rocks. 

VOIX'ANK;   R(X?KS. 

The  volciinic  history  of  the  region  is  of  considerable  comph^xity  and 
interest.  Mr.  Turner,  who  has  made  a  study  of  this,  has  kindly 
supplied  the  writer  with  the  information  that  the  succession  of  laviis 
in  this  district  has  been,  in  general,  (1)  rhyolit^^s,  (i*)  andosites,  and  (3) 
basalts. 

ORE   DEPOSITS. 

At  Silver  Peak  there  are  rich  silver  and  gold  niinos.  Tlu»  Cam- 
brian limestones  are  cut  by  pegmatitic  graniti<*  rock,  which  changes 
to  pegmatite  and  quartz  veins.-  The  ores  api>ear  to  be,  partly  at 
least,  connected  with  these  intrusions. 

Numerous  other  localities  are  known  where  mineralization  has 
occurred.  At  Barrel  Springs  the  limestone  is  decompose<l  and  stained 
along  a  vertical  zone  10  yards  wide  with  iron  and  copper.  The  honey- 
combed and  cavernous  appearance  of  th<*  ro<*ks  shows  that  they  have 
been  the  channel  for  ascending  springs,  to  which  the  mineralization 
is  undoubtedl}^  due. 

At  Lida  the  writer  noticed  an  auriferous  (iiiartz  vein  />  or  0  feet 
wide,  occurring  ahmg  the  entiiv  contact  of  a  2i)-foot-wi(le  nearly 
vertical  dike  of  ([uartz-monznnite-porphyry  which  cnts  tlu*  nearly 
horizontal  Lower  Cambrian  limestones.  This  <like  is  evi<h»ntly  a 
phase  of  the  genc^ral  granitic  intrusion  and  the  ([nartz  v<Mn  is  an 
accompaniment. 


CHAPTER    TV. 

GREAT    BA8IX    RAISTGES    OF    CAIilFORNIA,    XORTH    OF 

MOHAVE  BE8ERT. 

GRAPEVINE  AND  FUNERAL  RANGES. 

The  Grapevine  and  Funeral  ranges  are  practically  parts  of  a  single 
mountain  chain,  which  is  the  easternmost  of  the  important  chains 
belonging  to  the  Sierra  Nevada  auxiliary  belt.  This  chain  faces  the 
Amargosa  and  the  Ralston  deserts  on  the  east,  and  has  a  northwest- 
southeast  trend.  The  Grapevine  Range  is  (ion tinned  on  the  north 
by  the  Silver  Peak  Range,  from  which  it  is  separated  only  by  a  com- 
paratively narrow  transverse  valley. 

That  portion  of  the  range  which  lies  immediately  north  of  Furnace 
Creek  has  been  sometimes  called  the  Amargosa  Range;  but  in  the 
present  description  all  of  the  mountains  from  Furnace  Creek  north- 
ward will  l)e  included  under  the  single  te>rm  Grapevine  Range, 
while  those  south  of  Furnace  Creek  will  be  described  as  the  Funeral 
Mountains.  To  this  southern  portion  of  the  range  the  name  Amargosa 
has  also  been  applied,  and  to  certain  parts  of  it  the  name  Black 
Mountains;  but  these  will  here  be  omitted. 

The  Funeral  Mountains  have  a  trend  somewhat  different  from  that 
of  the  Grapevine  Range,  being  more  nearly  north  and  south.  This 
change  is  accompanied  by  a  similar  change  in  the  trend  of  the  Pana- 
mint  Range,  which  lies  next  west. 

The  Grapevine  Range  is  not  of  great  width,  but  is  high  and  narrow, 
with  wild  scenery  (PI.  VIT,  B).  The  Funeral  Mountains  are  lower,  and 
have  a  striking  air  of  desolation,  due  to  the  lack  of  vegetation  and 
the  dark,  gloomy  colors  of  the  rocks.  Both  the  Grapevine  and  Fune- 
ral ranges  are  cut  by  deep  canyons  which  sometimes  extend  quite 
through  the  range,  a  phenomenon  frequent  in  the  Great  Basin  ranges. 

At  Furnace  Creek  the  Grapevine  Range  fronts  the  Funeral  Range 
with  a  south-facing  scarp,  so  steep  as  to  be  almost  inaccessible  and 
about  4,()00  or  5,000  feet  in  height.  At  the  base  of  this  scarp  the 
drainage  from  it  has  cut  a  channel  parallel  with  its  front,  which 
forms  that  branch  of  Furnace  Creek  along  which  the  road  runs  across 
the  mountains. 

Both  the  Grapevine  and  the  Funeral  mountains  present  steep  sides 
to  Death  Valley,  which  are  bolder  than  the  western  side  of  the  valley. 
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SEDIMENTARY   ROCKS. 

Mr.  Geoi^e  G.  Davis  has  kindly  sent  the  writer  samples  of  the  chief 
rocks  at  Gold  Mountain,  which  appear  to  be  a  grayish,  rather  coarse- 
grained quartzite  and  a  dark  blue-gray  slaty  limestone  of  ancient 
api)earance.     These  rocks  may  perhaps  be  Cambrian  or  Silurian. 

At  Boundary  Canyon  Mr.  Gilbert  found  limestones  with  imperfect 
fossils,  which,  with  the  stratigraphic  data,  serve  t^)  connect  the  rocks 
with  the  Cambrian  beds  observed  farther  east.^ 

At  the  extreme  southern  end  of  the  range,  at  Saratoga  Springs,  Mr. 
Gill)ert*  has  noted  the  following  section  (from  t-op  to  bottom): 

Section  at  Saratoga  SpHngM. 

Feet. 

1.  Gray  day  slate 600 

2.  Yellow  Blate,  with  beds  of  shaly  limestone 800 

3.  Bedded  and  shaly  limestone,  lianded  in  ptiri)le,  yellow,  and  l>rown 350 

4.  Crystalline  limestone 40 

5.  Dark-brown  qnartzose  and  argillaceous  conglomerate . .  140 

6.  Crystalline  limestone 85 

7.  Green  shale 20 

8.  Massive  hornblende  rock,  black  to  green 120 

Total 2,155 

According  to  Mr.  M.  R.  C/ampbell,^  the  rocks  composing  the  southern 
end  of  the  Funeral  Range  at  Saratoga  Springs  are  limestone,  shale, 
and  quartzit(%  presumably  of  pre-Cambriau  age  and  containing  no 
fossils.  They  strike  north  and  south,  and  dip  about  50°  E.  No  Ter- 
tiary rocks  wei'e  seen  in  the  southern  end  of  the  range  from  Saratoga 
Springs,  whih*  strata  resembling  those  exposed  at  Saratoga  Springs 
could  be  traced  northward  for  several  miles  into  th(»  high  summits. 

SILURIAN. 

At  Furnace  Creek  Valley  the  writer  obs(»rved  bowlders  of  pure  white, 
vitreous  quartzite*  (extending  down  from  Pyramid  Peak,  although  the 
main  mass  of  the  mountain  is  limestone.  This  quartzite  resemldes 
the  Silurian  Eureka  quartzite,  so  persistent  in  Nevada,  and  the  rela- 
tion of  these  beds  to  those  overlying,  which  are  probably  Devonian 
and  Carboniferous,  makes  it  probable  that  in  Pyramid  Peak  and 
west  of  it  the  strata  are  largely  Silurian.  The  writer  has  been 
informed  by  Mr.  F.  B.  Weeks,  of  the  United  States  (reological  Survey, 
that  at  (-rrapevinc*  Peak  limestones  carrying  Lower  Silurian  fossils 
(probably  corresponding  to  the  Pogonip  formation  of  Euri^ka)  occur, 
and  he  regards  these  Silurian  rocks  as  probably  continuous  southward 
to  Pvramid  Peak. 

DEVONIAN. 

In  the  mountains  east  of  Pyramid  PeaR  a  gn*at  series  (»f  (easterly 
dipping   limeston(»s  are  exi)os(Ml,    in   which    badly   juvserved    fossils 

'« V.  S.  (ieoj^.  Surv.  W.  On»^  Hiiiulr«Mlth  Mcr.,  Vol.  III.  m*.  lUi,  \m,  iMl. 
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resembling  those  found  in  the  rocks  of  the  ranges  just  east  of  here 
were  observed.  In  the  Kingston  Range  Devonian  fossils  were  col- 
lected from  similar  rocks,  and  from  the  great  thickness  of  the  section 
exposed  in  the  Grapevine  Range  at  this  point  it  is  likely  that  lx)th 
the  Devonian  and  the  Carboniferous  may  be  represented  here. 

TERTIARY. 

In  the  eastern  part  of  the  range,  where  the  road  crosses  from  the 
Amargosa  Valley  into  Furnace  Creek,  there  is  found  a  great  amount 
of  conglomerate,  forming  high  hills.  These  conglomerates  are  very 
coai*se  and  contain  rounded  p<»bbles  and  bowlders  of  all  sizes,  made 
up  of  reddish  and  white  quartzite  and  black  and  gray  limestones 
bearing  the  badly  preserved  Paleozoic?  fossils  above  mentioned.  The 
conglomerate  is  as  hard  and  firm  as  the  rocks  from  which  it  is  derived. 
It  is  water-laid  and  well  stratified,  and  evidently  a  shore  formation. 
The  whole  thickness  exposed  is  estinuited  at  4, (KM)  feet.  It  is  sharply 
folded,  together  with  the  limestones  from  which  it  is  derived,  but  it 
abuts  abruptly  against  these  limestones  on  the  west. 

The  irregularity  of  the  contact  tetween  conglomeratic  and  limestone 
denotes  a  great  erosion  interval,  yet  no  unconformity  of  attitude  is 
apparent. 

This  conglomerate  seems  to  fringe  the  north  edge  of  the  lK)ld 
Paleozoic;  scarp  of  the  Grapevine  Mountains  across  the  greater  por- 
tion of  the  range.  It  is  found  at  various  |)oints.  A  little  west  of 
P3'ramid  Peak  conglomerate  occurs,  InterbeddtHl  with  and  running 
laterally  into  a  hard  limestone,  which  has  all  the  appearance  of 
being  calcareous  tufa.  A  sx>ccimen  examined  nucroscopically  bears 
out  this  idea  and  shows  that  the  rock  is  probably  a  chemical  precipi- 
tate. It  is  like  a  rock  found  in  crossing  the  Panamint  Range  from 
Death  Valley  to  Windy  Gap,  and  also  like  one  from  the  Esmeralda 
fornmtion,  l)etween  the  Candelaria  Mountains  and  the  Pilot  Range. 

Besides  these  rocks  there  occur,  as  parts  of  the  same  series,  semi- 
consolidated  grav(»ls,  with  clays  partially  hardened  to  slaty  shales, 
limy  clays  partially  consolidated  to  argillaceous  secondary  limestones, 
and  sands  partially  hardened  to  cherty  ami  limy  sandstones,  all 
intiM-lxiddcd.  All  these,  including  the  conglomerate  and  the  limestone 
tufa,  have  a  general  light-yellow,  often  greenish  color,  characteristic 
of  1  lie  series. 

This  sedimentary  series  makes  up  the  greater  portion  of  the  Funeral 
Range.  Along  Furnace  Creek  Valley  and  on  both  sides  of  it  the 
mountains  consist  chiefly  of  yellow-green  strata  capped  by  basalt. 
The  lava  seems  to  occur  interbedded  witli  the  sedimentaries,  as  well 
as  overlying  them.  The  series  is  here  consolidated  into  a  hard  clay 
rocrk,  with  occasional  thin  sandstone,  and  the  general  yellow-green 
color  is  changed  in  i>laces  to  reddish,  yellowish,  and  pinkish.  The 
rocks  are  often  gypsiferous  and  contain  abundant  grass  remains, 
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which  are,  however,  indeterminable.  From  the  yellow-green  Tertiary 
series  in  the  hills  just  east  of  the  mouth  of  Furnace  Creek  there 
has  been  tAken  much  borax,  which  occurs  as  borate  of  lime  in  beds  in 
the  strata.  Superintendent  Roach,  of  the  borax  works  at  Daggett, 
says  that  from  one  hill  here — Mount  Blanco — 200  tons  of  borax  a  day 
could  be  easily  shipped. 

On  the  eastern  side  of  Death  Valley,  southward  from  Furnace 
Creek,  the  upturned  yellow-green  Tertiaries,  with  some  few  inter- 
calated sheets  of  lava,  constitute  the  mountains.  Beneath  some  of 
these  sheets  the  clays  ai'e  baked  to  a  red,  natural  brick.  The  lavas 
seem  to  occur  chiefly  at  the  top  of  the  yellow-green  series,  or  at  a  still 
higher  horizon,  for  the  great  mass  of  beds  exposed  in  the  lower  por- 
tion of  Furnace  Ci'oek  contains  no  lava  sheets;  yet  in  these  beds  occur 
occasionally  lava  bowlders  and  pebbles,  so  that  we  conclude  that  the 
period  was  one  of  continual  volcanic  activity.  From  fragments  of 
lava  picked  up  at  the  base  of  the  mountains  and  from  observations  at 
a  distance  tlio  lower  lavas  seem  to  be  not  so  basic  as  the  upper  ones, 
which  ai*e  chiefly  olivine-basalt.  A  single  si)ecimen  of  biotite-andesite 
was  all  that  was  collected  to  represent  these  more  siliceous  volcanics. 

Near  the  summit  of  the  pass,  just  east  of  Furnace  Creek,  there 
come  in  above  the  yellow-green  Tertiary  series  softer,  dark-brown, 
honey comlHjd  conglomerates,  recalling  the  similar  rocks  of  Meadow 
Valley  Cannon.  Thin  sheets  of  basiilt  are  interbedded  with  the  con- 
glomerates, but  the  great  sheets  lie  on  top.  Patches  of  this  same 
upper  conglomerate  series  were  elsewhere  observed,  and  at  one  place 
its  contact  with  the  underlying  yellow-green  series  appeared  slightly 
discordant.  The  conglomerate  contains  i>ebbles  and  bowlders  which 
are  chiefly  of  lava  and  must  have  been  derived  from  the  sheets  of 
basalt  whicji  were  periodically  poured  out  during  the  deposition  of 


the  beds. 


A  rough  estinmte  of  the  thickness  of  this  whole  series  of  slightly 
consolidated  beds  and  volcanics  puts  it  at  not  less  than  4, ()(>()  feet, 
and  the  nature  of  the  sediments  shows  that  they  must  have  been 
deposited  in  standing  wat<»r.  The  presiMice  in  some  of  tlu^  beds  of 
gypsum,  borax,  and  calcareous  tufa  shows  that  at  some  perio<ls  the 
waters  in  which  the  sediments  were  deposilcMl  w(Me  evaiK)rated. 
They  were,  therefore,  those  of  an  inclosed  lake,  which  was  i)robably 
of  great  dimensions.  It  is  likely  that  a  large  portion  of  tin*  beds  were 
dejKisited  in  fresh  water  at  a  period  different  from  that  in  which  the 
chemi(;al  precipitates  were  laid  down. ; 

The  borax  in  these  beds  is  i)robably  contemporaneous  with  the 
borax  deposits  in  similar  folded  Tertiaries  at  Daggett  and  elsewhere 
in  the  Mojave  Desert.  Between  ^hese  two  localities,  moreover,  the 
strata,  so  far  as  known,  appear  to  b(»  roughly  continuous.  The  strata 
of  Mojave  Desert  are  exposed  on  a  grand  scale  at  Cajon  Pass,  where 
they  contain  beds  of  black  lignite. 
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Northward  from  Furnace  Creek,  at  Silver  Peak,  are  found  beds  of 
the  Esmeralda  formation,  which  are  entirely  similar  in  nearly  every 
respect  to  those  at  Furnace  Creek.  Moreover,  the  fossils  found  in 
the  Esmeralda  beds  indicate  a  nearly  similar  age  to  that  indicated 
by  fossils  found  in  the  Tertiary  strata  of  the  Mojave  Desert,  just  west 
of  Cajon  Pass. 

The  upper  part  of  the  Furnace  Creek  beds  is  identical  in  appear- 
ance with  certain  semi-indurated  and  slightly  folded  conglomerates 
and  sandstones  found  in  Meadow  Valley  Canyon,  which  have  been 
referred  to  the  Pliocene." 

pleisto<:ene. 

At  the  lower  end  of  Furnace  C'reek  the  steeply  dipping  Upper 
Tertiary  gravels  are  overlain  directly  and  unconformably  by  hori- 
zontal gravels,  which  are  partly  consolidated  and  form  bluflfs  15  feet 
high. 

These  are  the  same  gravels  as  were  uoUmI  on  llie  eastern  flanks  of 
the  Panamint  Range,  on  the  road  (n'ossing  to  Windy  (xap,  the  beds 
here  having  the  same  appearance  and  position.  Their  perfect  hori- 
zontality  indicates  that  they  are  perhaps  the  deposits  of  a  post- 
Tertiary  lake.  This  lake  was  a  few  hundred  feet  deep,  as  measured  /  \ 
by  the  highest  of  these  sediments.  * 

It  therefore  appears  probable  that  the  Furnace  Creek  beds  repre- 
sent nearly  the  wliole  of  the  Tertiary  perio<l,  from  the  Eocene  tlirough 
the  I^liocene.  It  is  possible  also  that  the  uppermost  lavtis  belong  in  the 
Pleistocene,  for  they  are  fresh  olivine-basalt,  like  that  which  is  known 
to  have  ])een  extruded  throughout  the  Great  Basin  region  during  the 
Pleistocene.* 

A  considerable  i>ortion  of  the  area  of  greatest  depression  is  occupied 
by  a  great  brown  desert.  This  has  the  appearance  of  a  newly  plowed 
Held  in  color  and  form,  and  appears  soft.  On  examination  the  surface 
is  found  to  consist  entirely  of  hard  salt,  rendered  brown  by  a  mixture 
of  soil.  This  deposit  is  probably  the  result  of  the  evaporation  of 
the  Pleistocene  lake. 

This  hike  Wiis  fed  by  the  Amargosii  Kiver.  The  writer  has  been 
inforuKMl  by  those  who  are  familiar  with  this  region  that  occasionallj' 
the  Amargosa  Kiver  has  been  seen  to  1k3  200  feet  wide  at  t  lie  southern 
(Mid  of  Death  Valley,  although  generally  it  is  dry  on  the  surface  as 
far  up  as  Ash  Meadows.  Along  this  dry  course  it  flows  underground, 
as  is  shown  by  the  fact  that  water  may  generally  be  found  by  digging 
a  few  feet  below  the  surface.  In  Death  Valley,  also,  water  can  be 
found  in  many  places  by  digging,  so  tlie  dregs  of  the  lake  may  be  said 
to  still  exist. 


«See  description  of  Meadow  Valley  Canyon,  Meadow  Valley  Range,  Mormon  Range,  and 
Virgin  Range. 

'»See  J.  E.  Spurr,  Succession  and  relation  of  lavas  in  the  Great  Baain  region:  Jour.  Geol.,  Vol. 
VUI,  p.  ««. 
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IGNEOUS   ROCKS. 
GRANULAR   ROCKS. 

Granitic  rocks  are  said  to  occur  at  Gold  Mountain,  at  Iho  northern 
end  of  the  range,  where  the  gold  oi*es  are  connected  with  thein.^ 

OLIVINK-BASALT   AT   FURNAC'K   CREKK. 

The  Funeral  Mountains  ai'e  capped  l>y  heavy  flows  of  i)yroxene- 
olivine-basalt,  which  seems  to  liave  been  slightly  involved  in  the  latter 
part  of  the  folding  which  affected  the  underUing  Tertiaries.  The 
rock  is  black  and  slaggy  and  is  identical  in  appearance  and  composi- 
tion with  the  Pleistocene  oli vine-basalts  found  freciuently  in  Nevada.* 

Besides  capping  the  Tertiary  sediments,  the  basalt  occui*s  in  sheets 
which  ai^e,  in  part  at  least,  certainly  contemporaneous  with  the  ui)per 
portion  of  the  sediments,  especially  the  conglomerate^  series.  One 
basalt  sheet  was  not-ed  as  metamorphosing  the  underlying  conglonn^r- 
ates,  but  not  the  upper  ones,  and  is  therefore  probably  a  flow  and 
not  an  intruded  sill.  Moreover,  the  lobbies  and  bowlders  in  the 
upjier  conglomerate  series  are  largel}^  of  the  same  basalt. 

ANDESITK  AT  FURXACK  CRKEK. 

Beneath  the  basalt  sheets  there  is  a  certain  amount  of  less  basic 
volcanic  material  in  the  beds.  This  wjis  not  carefully  investigated, 
but  a  single  specimiui  showed  that  biotite-andesite  is  re ]i) resented. 

VOLCANlCrS   NORTH    OF    FURNACK   C'REKK. 

North  of  Furnace  Creek  tlu*  whole  northeastern  side  of  the  (Grape- 
vine Range  is  overlapped  by  the  sea  of  lava  which  occurhover  most  (»f 
the  Ralston  and  Amargosa  deserts,  except  where  obscured  by  Terti- 
ary or  Pleistocene  detrital  accumulations.  At  the  north  end  of  llie 
range  these  volcanics  may  connect  with  the  volcanic  area  just  north 
of  (rold  Mountain,  which  there  extends  to  tln^  western  side  of  the 
range  and  is  ])robably  connected  with  the  lavas  at  tlu^  nortluMM  en<l 
of  the  Panamint  Range. 

Mr.  Gilberf^  notes  that  rhyolile  occurs  a  few  miles  north  of 
Boundar}^  Canyon,  flanking  the  range  both  on  its  eastern  and  its  west- 
ern side. 

STRUCTURE. 

Mr.  Gilbert''  has  drawn  a  section  of  the  Grap<»vine  Range  at  liound- 
arv  Canvon.  This  section  shows  essentially  a  main  anticlinal  fold, 
slightly  overthrown   to   tin' w(\st,  with   an   auxiliary,  bioad   anticline 

"  WhtM»ler  Snrv«'y  Kxplorations  in  N^'vada  anfl  Arizona,  War  Doiuvrtin.'iit,  ISTl.  ]>.  \', 

'•J.  E.  SimiT,  Jour.  <1»m)1..  Vol.  VIII,  i».  <5:«. 

•  IT.  S.  GeoK.  Surv.  W.  One  HiindroiUh  Mor.,  Vol.  Ill,  p. .'«{. 

''Ibid.,  p. :«. 
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forming  the  slopes  of  the  range  toward  Death  Valley,  and  a  syncline 
between  the  two.  These  folds  are  much  broken  up  by  faults,  which, 
as  Mr.  Gilbert  notes,  are  not  only  longitudinal,  but  transv^erae.** 

In  crossing  the  mountains  at  tlie  junction  of  the  Grapevine  and 
Funeral  ranges,  on  the  road  leading  to  Furnacre  Creek,  a  good  struc- 
ture section  was  obtained.  The  south-facing  scarp  of  the  Grapevine 
Mountains  shows  a  central  chief  anticline,  with  a  very  great  thick- 
ness of  unifoi-mh'^  easterly-dipping  beds  on  the  east  limb.  West  from 
this  central  anticline,  whose  axis  is  immediately  west  of  Pyramid 
Peak,  there  is  a  second  anticline,  also  with  steep  dips,  in  the  moun- 
tains immediately  above  Death  Valley,  and  between  the  two  anti- 
clines is  a  slight  syncline.  On  the  south  side  of  the  pass,  in  the  lower 
Funeral  Mountains,  it  seemed  to  the  writer  that  there  is  about  the 
same  structure,  although  the  dips  appear  to  be  decidedly  less.  No 
faults  were  noted  in  this  section,  though  they  very  likely  exist. 

The  folds  at  Furnace  Ci-eek  are  probably  continuous  with  those 
shown  in  Mr.  Gilbert's  section.  As  the  writer  looked  along  the  face 
of  the  Grapevine  Mountains,  northward  from  Furnace  Creek,  he 
thought  to  lie  able  to  trace  the  western  anticline  at  least  as  far  as 
Boundary  Canyon. 

The  Tertiary  beds  of  the  Funeral  Mountains  have  therefore  been 
folded  together  with  the  Paleozoics  of  the  Grapevine  Range.  Yet  the 
Paleozoic  limestones  appear  to  have  in  general  steeper  dips  than 
the  Tertiary  strata.  Nevertheless,  the  chief  folding  has  come  about 
since  the  deposition  of  the  Tertiary.  Not  only  the  lower  Tertiary 
beds,  but  also  the  upper  conglomerates  are  folded,  and  even  to  a  cer- 
tain extent  the  interbedded  and  overlying  olivine-basalt,  which  is  of 
fresh  api>earance  and  may  be  in  part  as  young  as  Pleistocene.  Cer- 
tainly, therefore,  the  upheaval  of  the  Funeral  Mountains  and  the 
present  (rrapevine  Range  has  been  very  recent  indeed. 

This  is  illustrated  in  the  Funeral  Range,  which,  as  viewed  by  the 
writer,  seemed  to  consist  near  its  northern  end  of  two  antiidinal  ridges 
with  a  synclinal  valley  between.  This  synclinal  valley  is  occupied  by 
Furnace  Creek,  which  follows  the  folding  in  all  its  bendings.  The 
northwesterly  course  of  the  lower  portion  of  Furnace  Creek  is  caused 
by  a  corresponding  bend  in  the  synclinal  trough.  This  deflection  of 
the  Furnace  Ci*eek  syncline  appeal's  not  to  be  continuous  into  the 
Paleozoic  strata  just  north  of  here,  and  it  is  very  likely  due  to  the 
(lilTerential  folding  of  the  Tertiary  strata  against  the  hard  Paleozoic 
buttress.  In  the  summit  of  the  pass  above  Furnace  Creek,  this  fold- 
ing against  the  Paleozoic  cliff  is  well  shown  by  a  sharp  local  anticline 
in  the  Tertiary  beds,  the  north  limb  of  which  dips  from  20  degrees  to 
45  degrees  toward  the  Paleozoic  wall,  which  does  not  take  part  in  the 


"  Mr.  F.  B.  Weeks,  of  the  U.  S  •  G^eological  Survey,  found  in  19U0  that  at  Grapevine  Peak 
tbo  main  range  was  decidedly  synclinal  in  structure,  the  axis  of  the  fold  in  general  transverse 
to  the  trend  of  the  range. 
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flexure.     This  fold,  however,  is  of  slight  width,  the  dip  reversing  and 
flattening  a  hundred  yards  south.     (See  PI.  VIII,  A.) 

RESUME. 

The  succession  of  events  in  the  Grapevine  and  Funeral  ranges  and 
in  the  region  of  Death  Valley  is,  then,  about  as  follows: 

1.  Deposition  of  a  thick,  conformable.  Paleozoic  series. 

2.  Elevation  to  a  land  mass,  without  marked  folding. 

3.  The  formation  of  sharp,  lofty  mountains,  with  deep  valleys. 

4.  The  deposition  of  the  thick  Tertiary  series.  This  took  place,  in 
part  at  least,  in  a  great  lake  or  inland  sea.  In  this  lake  were  deposited 
near  the  shores  conglomerates  and  breccias  derived  from  the  Paleozoic 
rocks;  in  the  other  portions  were  formed  silts  mixed  occasionally  with 
gravels.  During  the  deposition  of  this  series,  especially  the  later 
portion,  there  was  volcanic  activity,  and  sheets  of  lava  were  poured 
into  the  lake,  thus  becoming  intercalated  with  the  sedimentary  beds. 

5.  The  lake,  probably  generally  fresh,  was  at  certain  times  reduced 
and  evaporated,  so  that  beds  containing  salt,  borax,  silica,  and  lime 
were  chemically  precipitated  and  mingled  with  the  detrital  silts. 

6.  The  volcanics  changed  to  olivine-basalt.  These  lavas  are  asso- 
ciated with  well-stratified  sediments,  such  as  might  have  been  formed 
in  a  lake,  but  accurate  data  bearing  on  this  point  are  lacking.  ITie 
sediments  may  possibly  be  the  result  of  stream  action.  They  consist 
of  brown  and  red  conglomerates,  which  oVerlie  the  yellow-green  lake 
beds,  and  are  separated  from  them  by  some  slight  movement  and  per- 
haps an  erosion  gap. 

7.  Final  flows  of  olivine-basalt. 

8.  Probably  beginning  before  the  deposition  of  the  Tertiar}^  but 
not  becoming  very  important  until  during  and  after  the  close  of  this 
period,  came  a  disturbance,  leading  to  rapid  folding.  The  <Tust  was 
bent,  and  perhaps  broken,  forming  hills  and  valleys.  Death  Valley 
was  created. 

9.  The  mountains  were  eroded,  producing  minor  irregular  forms. 
The  climate  being  slightly  moister  than  now,  a  shallow  lake  a  few 
hundred  feet  deep  was  formed  in  the  bottom  of  Deatli  Valley.  This 
soon  becaiiie  charged  witli  salt,  borax,  etc.,  derived  chiefly  from 
the  leaching  of  the  earlier  lake  l)eds,  now  become  mountains.  At 
this  period  the  lat«  Pleistocene  shore  gravels  were  formed. 

10.  The  cliinat(^  becoming  drier,  the  lake  evaporated,  leaving  a  salt 
desert.  Since  that  time  there  has  been  only  a  slight  incision  of  the 
lake  sliore  conglomerate  by  the  drainage  from  the  mountains  to  the 
dry  valley. 

AMARGOSA  VALLEY. 

Tho  Ainargosa  Valley  lies  between  tlie  Kingston  and  Funeral 
ranges.  The  following  notes  are  from  Mr.  K.  B.  Rowe's  notebooks, 
except  wh<*re  credited  to  Mr.  CamplR^ll. 
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METAMORPHIC  ROCKS. 

Metamorphic  rocks  are  exiiosed  alnrnta  mile  Inflow  the  China  ranch. 

SEDIMENTARY   ROCKS 
TERTIARY. 

Overlying  the  metamorphic  rocks  at  the  point  mentioned  above  are 
Tertiary  deposits.  These  Tertiary  lakes  were  dry  part  of  the  time,  or 
receded  to  a  great  extent  and  then  swelled  out  again,  for  talus  and 
lake  deposits  alternate  with  each  other  in  the  lower  Amargosa.  At 
China  ranch  the  Amargosa  River  cuts  through  the  Tertiary  beds  to 
a  depth  of  200  or  300  feet. 

Mr.  M.  R.  Campbell  ^  has  indicated  on  a  map  two  areas  of  Tertiary 
lake  beds  near  Amargosa  Valley,  one  around  Resting  Springs  and  the 
other  south  of  Ash  Meadow. 

STRUCTURE. 

At  China  ranch  the  Tertiaries  have  been  uplifted  so  that  they  dip 
at  a  high  angle.  The  structure  seems  to  be  monoclinal.  There  is  also 
some  faulting  in  the  Tertiary  l)eds.  Above  China  ranch  the  late  talus 
deposits  overlying  the  Tertiary  are  tilted  up  to  a  high  angle,  together 
with  the  Tertiary  rocks. 

For  a  distance  of  3  miles,  near  China  ranch,  the  Amargosa  River 
has  recently  cut  down  about  20  feet  into  an  old  river  deposit  or  wash. 
For  a  distance  of  about  I  mile  it  is  l)eginning  to  cut  down  4  or  5  feet 
farther.  This  is  shown  by  waterfalls  in  the  talus.  This  local  down- 
cutting  seems  to  indicate  recent  movement. 

Mr.  M.  R.  Campbell*  states  that  the  Tertiary  beds  in  this  valley 
bear  evidence  of  considerable  crustal  movement  since  their  deposi- 
tion. The  eastern  margin  that  rests  against  the  foot  of  the  Kingston 
Range  is  800  feet  higher  than  the  upi)ennost  beds  of  the  same  series 
at  the  foot  of  Funeral  Mountain.  This  indicates  a  depression  toward 
the  west,  in  the  direction  of  Death  Valley.  It  seems  possible  that 
the  change  was  due  to  the  sinking  of  Death  Valley  to  its  present 
position  below  sea  level. 

KINGSTON   RANGE. 

The  Kingston  Range  lies  lietween  Pahrump  Valley  and  the  valley 
of  Amargosa  River.  The  California-Nevada  line  passes  along  its 
eastern  base.  The  range  has  a  northwest-southeast  trend  and  is  50 
or  60  miles  in  length.  At  its  northern  end  it  is  separated  by  a  short 
valley,  called  Stuart  Valley,  from  the  mountains  which  lie  directly 
north  of  Pahrump  Valley,  and  which  form  an  irregular  gi-oup  afford- 
ing a  partial  connection  between  the  Spring  Mountain  Range  and  the 
Kingston  Range.  This  group  will  be  described  together  with  the 
Kingston  Range. 


a  Bulletin  U.  8.  (*eol.  Survey  No.  200.  b  Ibia.,  pp.  14, 15, 
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The  Kingston  Range  generally  has  steep  fronts,  especially  along 
the  main  eastern  side,  where  it  faces  Pahrump  Valley. 

SEDIMENTARY   ROCKS 
CAMBRIAN. 

Mr.  R.  B.  Rowe,  in  1900-1901,  discovered  and  described  Cambrian 
in  the  Kingston  Range.  The  following  information  has  been  t^iken 
from  his  notebooks : 

The  greater  part  of  the  Kingston  Range  is  made  up  of  Cambrian 
strata.  On  the  road  from  the  post-office  at  Sandy  to  Kingston  Peak 
there  are  sandstones  and  limestones,  with  metamorphosed  gray  schists 
cut  by  dikes. 

Kingston  Mountain  consists  of  a  central  core  of  granite,  which  is 
topped  on  the  north  and  northeast  by  a  fine-grained  white  ([uartzit^ 
with  reddish  bands.  The  succession  at  Kingston  Peak,  near  Hoi*se 
Spring,  from  the  bottom  up,  is  as  follows : 

Section  at  Kingston  Peak. 

1.  White,  gray,  or  red  qnartzites. 

2.  Red,  gray,  and  blue  slates,  and  heavy  lieds  of  qnartzite. 

3.  Dark  bine,  mnch  altered  limestone. 

4.  Light  gray,  arenaceous  limestone,  mnch  altered,  with  fryHtallize<l  calcite 

in  its  crevices  and  interspaces. 

5.  White  and  brownish  qnartzite,  with  conglomerate  at  the  Ixjttom.     This 

sometimes  alternates  with  the  red,  gray,  and  blue  slates. 

In  s(mie  places  the  white  qnartzite  at  the  base  s<*ems  to  run  into  a 
gray  gneiss. 

On  the  road  between  Manse  and  Resting  Springs,  throujrh  tlie  pass 
going  to  Tecopa,  there  is  an  excellent  section  of  the  mountains  eastof 
Resting  Springs.  The  Cambrian  seems  to  be  repciittHl  at  tliis  point, 
probably  by  a  fault.  At  Resting  Springs  the  thickness  of  the  Cam- 
brian, partly  estinmted  and  partly  actually  measunMl,  is  alM>ut  1,5CK) 
feet,  and  can  not  l)e  more  than  2,(KH)  feet.  AlM)ut  4  or  5  miles  north 
of  Resting  Springs  the  Cambrian  is  capped  by  lava. 

On  the  spur  of  the  Kingston  Range  endinJi^  at  Riesling  Springs,  at  a 
locality  about  2  miles  north  of  the  springs,  the  following  soclion,  from 
the  bott-om  up,  was  observed : 

Srctiifu  J  iuih'»  north  of  Restitnj  Sprunfs. 

Heavy  sandstone,  pro]>ably  all  congl<)meruti(\     (Jbserveil  |)ebbles  were  all 

well-rounded  quartzite 2,  (MM) 

Generally  gray  shales,  with  bands  of  sandstone    .  1,0(M) 

Dark-])lue  limestone  with  shales  and  siliceous  limestones.  coiitaininLr  trilo- 
bit**s  and  other  Cambrian  fossils -.  10() 

Quartzitic  sandstones  and  shales - 700 

About  7  miles  ea.st  of  Resting  Springs  the  rocks  in  the  range,  which 
is  part  of  the  Kingston  Range,  are  in  part  Lower  Cambrian,  and  are  a 
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repetition  of  those  exposed  at  Resting  Springs.  Thei'e  is  shown  in 
these  mountains  about  4, 000  feet  of  Lower  Cambrian  or  earlier  rocks. 
They  consist  chiefly  of  reddish  and  gray  sandstone,  some  calcareous 
sandstones,  and  red  and  blue  shales.  Fossils  were  found  within  about 
1,500  feet  of  the  top,  and  none  below  that.  Although  a  diligent  search 
was  made,  they  were  found  only  in  one  ledge,  and  seemeil  to  be  poorly 
represented  even  there.  About  800  feet  below  the  top  of  the  shale 
and  sandstone  formation,  fossils  are  verj'^  abundant  in  some  very 
thin  sandstones.  They  consist  mainly  of  trilobites,  HyolitheSj  and  a 
brachiopod. 

In  the  pass  east  of  Resting  Si)i'ings,  about  800  feet  beneath  the 
dark  blue  limestones,  Cambrian  fossils  were  collected.  The  section 
consists,  from,  the  bottom  up,  as  follows : 

Section  in  pass  etist  of  Resting  SpHngs. 

Feet. 

t.  Reddish  sandstones  and  shales,  blue  shales,  calcareous  sandstones,  etc. 
About  2,500  feet  from  the  bottom  Canihrian  fossils  are  found,  and  they 
are  also  found  800  feet  from  the  top 4, 000 

2.  Massive  dark-blue  limestone,  apx)arently  containing  no  fossils.    ...   2,000 

3.  Light-gray  limestone  in  more  or  less  thin  layers 300 

4.  Shaly  brown  sandstone,  with  beds  of  limestone.     Contains  small  trilobites 

and  linguloid  shells.    Probably  Cambrian  and  possibly  Lower  Cambrian .        20 

About  8  miles  east  of  Resting  Springs  is  found  No.  5  of  the  sec- 
tion, consisting  of  light-gray  and  dark-blue  limestone,  more  or  less 
massive;  thickness,  about  2,000  feet.  There  is  an  apparent  uncon- 
formity between  this  limestone  and  the  underlying  formations. 
Certain  parts  of  the  limestone  are  i)enet rated  by  what  ma}'  be  worm 
borings,  now  tilled  with  calcite. 

About  3^  miles  east  of  Twelvemile  Springs  is  blue  and  gray  lime- 
stone. From  loose  blocks  found  trilobites  were  collected,  which  did 
not  app<*ar  to  Mr.  Rowe  to  be  Lower  Cambrian,  but  to  be  somewhere 
l)etween  the  Trenton  and  the  Lowjer  Cambrian. 

On  the  road  from  Resting  Springs  to  Tecopa  the  rocks  are  largely 
composed  of  gneiss  containing  pegmatite  dikes.  Upon  the  gneiss  lie 
shales,  sandstones,  and  limestones  of  Cambrian  or  pre-Cambrian  age. 

On  the  road  from  Pafirump  ranch  to  Furnace  Creek,  along  the 
northein  edge  of  the  Kingston  Range,  Mr.  Rowe  collected  Lower 
Cambrian  fossils  from  the  gray  shaly  sandstone. 

DEVONIAN. 

The  range  was  crossed  by  the  writer"  on  the  road  l>etween  Pah- 
rump  Valley  and  Furnace  Creek,  in  the  Funeral  Range,  this  road 
leading  past  Sulphur  Spring  and  the  hea<l  of  Stuart  Valley. 

Near  Sulphur  Spring  there  outcrops  a  crystalline,  dark-blue,  often 
fine-grained,  siliceous,  fetid  limestone.     It  is  much  altered  by  folding, 

"J.  E.  S. 
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but  a  small  lot  of  fossils  was  obt.ained,  whieli  are  regarded  by  Dr. 
Glrty  as  Devonian.     The  species  are  as  follows: 

Zaphrentis  sp.  Spirifer  maia. 

Orthis  sp.  Spirifer  maia  (small  variety)?. 

Chonetes  deflectnsr.  Spirifer  argentarins. 

Al>out  10  miles  northwest  of  the  fossil  locality  above  mentioned 
occurs  a  Tertiary  coni^lomerate,  containing  pebbles  of  this  limestone 
and  qnartzite,  and  from  these  pebbles  another  collection  of  fossils 
was  made,  which  are  determined  bv  Dr.  Girtv  to  be  Devonian: 

Zaphrentis  sp.  Spirifer  indeterminable. 

Oinoid  stems.  Athyris?  sp. 

Bryozoan  fragments.  Atrypa  missourensis. 

Spirifer  pinyonensis.  Phapthonidea  sp. 

MESOZOIC. 

At  tlie  summit  of  the  pass  l>etween  Manse  and  'J^'ecopa  Mr.  Rowe 
noted  that  the  Paleozoic  limestone  is  overlain  by  light-gray  and 
chocolate  sandstones,  reddish  and  red  sandstones,  and  dark-brown 
sandstones.  Some  of  these  are  conglomeratic.  Lithologically,  this 
formation  is  like  the  Mesozoic  of  the  Spring  Mountain  Range.  These 
rocks  seem  to  be  unconformable  with  the  underlying  dark-blue  Paleo- 
zoic limestone,  the  dip  of  the  Paleozoic  rocks  being  about  10  or  15 
degrees  greater.  The  supposedly  Mesozoic  rocks  are  about  1,(K)0  feet 
thick,  and  are  overlain  to  the  south  by  a  lava  bed. 

TKRTIARY. 

On  the  lx)rder  of  the  Amargosa  Desert,  in  the  foothills  of  the  north 
end  of  the  Kingston  Range,  is  found  a  coarse  breccia  or  conglomerate, 
containing  pebbles  of  brown  or  blue  fetid  limestone  and  <iuartzite 
similar  to  that  found  in  place  in  the  Devonian  seri(»s.  These  pebbles 
are  angular,  subangular,  or  rounded,  and  are  of  all  sizes  up  to  2  feet 
in  diameter.  They  are  cemented  by  a  coarse,  red  matrix,  probabl}^ 
chiefly  derived  from  the  limestone.  The  stratification  is  haidly  trace- 
able, yet  the  deposit  is  x>robably  water-laid.  The  general  <lip  seems 
to  be  a  few  degrees  northeast.  About  two  miles  west  of  here  there 
occurs  a  thick  deposit  of  medium  coarae  granitic  arkose,  which  becomes 
finer  gi*ained  and  changes  to  greenish  sand.  Farther  west  this  sand 
is  seen  to  overlie  a  series  of  soft  gray-green  shales,  sandstones,  and 
granitic  arkoses,  mod(»rately  well  hanlened.  Tlie  strike  of  this  series 
is  north  and  south  and  the  dip  15°  E.  The  finer  strata  show  oscilla- 
tion ripple  marks,  such  as  are  formed  in  standing  wator,  a  few  inches 
apart.  Somewhat  farther  west,  in  the  same  series,  was  found  a  pure 
white,  compa(^t  rock,  which  microscopic  investigation  shows  to  be  a 
consolidated  volcanic  ash.  It  consists  of  many  fragnuMits  of  glass  in 
a  white  opaque  <lust  matrix.  The  ash  underlies  greenish,  considerably' 
indurated,  saii<lstones,  often  oxidized  to  a  red  color. 

I'liis  detrital  series  res(»mbles  tlie  series  of  shah^s,  tuffs,  an<]  sand- 
stones expos<Ml   near  ('olunil)us  and   Silver  Peak,  which  have  been 
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de8cril>ed  by  Mr.  Turner  under  the  name  of  the  Esmeralda  formation, 
and  which  carry  early  Tertiary  fossils.  The  series  is  also  probably 
the  same  as  that  which  makes  up  part  of  the  Funeral  Range,  and 
extends  over  so  wide  a  region  south  of  hei'e.  Like  all  these  beds,  it  is 
probably  early  Tertiary. 

Mr.  R.  B.  Rowe  noted  that  about  Resting  Springs  there  are  Tertiary 
deposits  younger  than  the  lavas  of  the  same  region. 

IGNEOUS   ROCKS. 

The  Tertiary  arkoses  described  above  seem  to  indicate  the  existence 
of  granite  somewhere  in  the  vicinity.  As  viewed  from  Pahrump  Val- 
ley, the  southern  portion  of  the  Kingston  Range  in  the  neighborhood 
of  Kingston  Peak  has  a  rugged,  massive  aspect  which  may  denote  the 
presence  of  granite.  Granite  occurs  not  far  southeast  of  here  in  the 
Clarks  Peak  Mountains,  where  it  cuts  the  Paleozoic  limestones. 

At  the  extreme  northern  end  of  those  low  outlying  mountAains  which 
lie  to  the  north  of  the  Palirump  Valley  there  appears  to  be,  as  seen 
from  l^ahrump  Valley,  a  portion  where  the  typography  is  low,  smooth, 
and  rounded,  contrasting  with  the  rugged,  banded,  stratified  rocks 
farther  south.     This  more  monotonous  region  is  probably  volcanic. 

Mr.  Rowe  not^d  the  following  concerning  the  igneous  rocks  subse- 
quent to  writing  the  above : 

North  of  Resting  Springs  tlie  Cambrian  rocks  are  covered  by  lavas, 
which  are  separated  from  the  underlying  rocks  by  an  erosion  interval, 
but  are  folded  to  about  the  same  extent.  These  lavas  dip  at  a  high 
angle  and  are  carved  by  erosion,  like  the  sedimentary  rocks.  The> 
do  not  appear  to  be  as  recent  lavas  as  those  in  the  Tertiary  deposits. 
They  occupy  ancient  erosion  valleys  in  the  Cambrian. 

Between  Resting  Springs  nnd  Tecopa  basalt  is  pi-esent  in  large 
quantities. 

Gneisses  in  the  pass  between  Sandy  and  Kingston  Peak  are  cut 
by  many  <likes.  Kingston  Peak  itself  has  a  central  core  of  probably 
pre-(]ambrian  or  basal  granite.     The  overlying  quartzite  is  cut  by 


dark-colored  igneous  rocks. 


STRUCTURE. 


A(!C()rding  to  Mr.  R.  B.  Rowe,  the  general  structui-e  of  the  Kings- 
ton Range  seems  to  be  monoclinal,  the  dip  being  to  the  east.  At 
Kingston  Peak  the  (Cambrian  strata  which  overlie  the  central  core  of 
granite  dip  to  the  north  and  are  folded. 

A  sketched  cross  section  of  the  range  north  of  the  road  between 
Sandy  and  Kingston  Peak  seems  to  indicate  a  slight  synclinal  struc- 
ture at  this  point.     There  is  also  a  great  deal  of  faulting  here. 

At  Kingston  Peak  there  is  considerable  faulting  at  right  angles  to 
the  strike  of  the  rocks,  and  some  parallel  to  the  strike.  The  pass 
east  of  Resting  Springs  seems  to  \)e  along  a  trans vei-se  fault. 
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Al)ont  R  miles  east  of  Resting  Sprinji^s,  and  almiit  2  miles  northeast 
of  the  pass,  is  a  normal  fault  running  20  degrees  west  of  north.  This 
fault  is  also  shown  in  the  Resting  Springs  Valley.  It  brings  up  the 
I>ower  Cambrian  shales  and  sandstones  against  the  overlying 
limestone.  The  writer '^  has  estimated  the  throw  of  the  fault,  from 
Mr.  Rowe's  description,  to  l)e  about  8,000  feet. 

There  is  an  apparent  unconformity  at  this  place  l>etween  the  lower 
Cambrian  and  the  overlying  limestone.  TIk^  limestone  strikes  N.  28° 
W.,  and  dips  43°  NE. 

Al)out  (>  miles  north  of  Rest.ing  Springs  the  lavas  which  lie  upon 
the  Cambrian  are  folde<l  to  the  same  extent  as  the  ('am})rian,  l>oth 
dipping  northeast  52°.  The  Cambrian  locks  must  have  l>een  nearly 
level  at  the  time  of  the  erupticm  of  the  lava,  although  (^ro<]e<l  to  a  c»on- 
siderable  extent.  The  lava  flowed  over  the  eroded  region,  an<l  was 
deposited  in  the  valleys,  against  the  edges  of  the  strata.  Then  at  a 
later  periml  l>oth  were  raised. 

A  section  of  a  spur  of  the  Kingston  Mountains  east  of  Re.sti ng 
Springs  shows  a  monoelinal  structure,  the  dips  Imm ng  uniformly  east. 
The  fault  above  mentioned  runs  nearly  parallel  to  the  range. 

OPAL  OR  CLARKS  PEAK  MOUNTAINS. 

This  is  a  small  group  of  mountains  situated  on  the  State  line 
between  Nevada  and  California,  just  south  of  the  southern  end  of  the 
Spring  Mountain  Range.  Its  chief  einin<Mice  is  (-larks  P(»ak.  The 
mountains  aiv  probably  to  be  consid<'nHl  as  an  extc^nsion  of  the  Kings- 
ton Range. 

Mr.  Gilbert''  not^s  that  in  these  mountains  near  Ivanpah  the  rocks 
are  chiefly  limestone,  of  which  the  age  was  not  dc^tcMMninc^d.  Judging 
from  the  fact  that  the  whole  southern  iwirt  of  tlie  Spring  Mountain 
Range  is  Carlxmiferous  and  that  the  Kingston  Range  is  apparently 
also  largely  com  posed  of  Carl>on  if  erous  and  Devonian,  it  is  likely  that 
the  limestone  of  the  Clarks  Peak  Monntains  In^longs  to  much  the 
same  period.  * 

Mr.  (rilbert  furtluM'  not^*s  thai  1he<M*nlral  portion  of  th(\se  moun- 
tains is  occupied  by  a  licit  of  granit<',  cutting  obruiucly  n<M'oss  the 
range,  with  limestone  f)ii  both  sid<»s. 

ORE   DEPOSITS. 

Rich  silver  ores  occur  in  these  mountains,  both  in  the  limestone 
and  granite.      Farther  south  large  de])osi1s  of  copper  arc  icjMntcd.^ 

PANAMINT    RANGE. 

Th<*  Panamint  Range  is  one  of  the  most  important  of  tlie  langes 
auxiliary  to  the  Sierra  Nevada,  whic^h  lie  in  tin'  belt  east  of  it  and  run 

«J  K.  s. 

''L'.S.  deo;,'  Suiv   W   Ono  HninlnMlth  M«'r.    Vol.  Ill,  p  :tJ 

fWh<>«'I«»r  Siirv.  Vlx\A.  in  N<»vacla  hthI  Arizoim.  War  I)«*iMirtnu'nt.  isTI.  ]»   'v.^ 
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northwest  and  Hontheast  parallel  to  its  front.  The  ran|?e  is  about  130 
miles  in  length.  At  its  northern  end  it  merges  into  lava  flows  which 
unite  it  with  the  northern  end  of  the  Grapevine  Range,  while  at  its 
southern  end  it  passes  into  low  hills  of  Tertiary  strata  and  associated 
lavas  capped  by  later  basic  volcanics.  It  forms  the  southwestern 
barrier  of  Death  Valley,  which  it  fronts  with  a  st.eep  slope. 

This  range  has  been  ver}'  little  explored  and  not  much  is  known 
concerning  its  gi^logy.  The  detail  of  its  mapping,  therefore,  and 
especially  th(»  <lifferentiation  of  the  Paleozoic  which  is  known  to  exist 
in  its  central  portion  into  the  (-ambrian  and  Silurian  (as  has  been 
done  on  the  accomparying  map,  PI.  I),  is  very  hyi)othetical. 

SEDIMENTARY   ROCKS. 
CAMBRIAN. 

On  the  east  front  of  the  range,  above  the  road  from  Furnace  Creek 
in  Death  Valley  to  the  cnissing  of  the  range  at  Windy  Gap  or  Win- 
gate,  a  large  portion  of  the  range  consists  of  older  stratified  rocks, 
which  seem,  as  viewe<l  from  a  distance,  to  lie  l)eneath  upturned  Ter- 
tiary sediments  an<l  associated  vol(»anics,  and  are  cut  through  by 
masses  of  intrusive  granite.  No  close  examination  of  these  older 
rocks  was  made,  but  the  drift  shows  them  to  Im^  in  part  finely  crystal- 
line blue  limestone,  an<l  in  part  quartzit^,  whit^,  gray,  or  green,  often 
considerably  altered  and  often  coai'se  grained.  The  amount  of  quart- 
zite  in  the  drift  implies  a  considerable  thickness  of  this  rock  and 
suggests  that  the  strain  are  of  C-ambrian  age,  as  tins  is  the  only  divi- 
sion of  the  Paleozoic  in  this  region  which  contains  great  amounts  of 
quart  zite. 

From  this  neighborhood  northward  the  Panamint  Range  is  com- 
posted chiefly  of  old  Pal<»ozoic  stratificnl  ro<fks  till  near  its  northern 
end,  as  can  be  plainly  seen  from  Death  Valley.  On  the  a<»>company- 
ing  map  Cambrian  rocks  are  represented  as  running  along  the  ci'est 
of  the  range,  the  flanks  being  occupied  by  Silurian. 

The  Panamint  Range  has  l>een  examined  by  Mr.  II.  W.  Fairl>anks<» 
for  some  distance  north  of  th(»  region  crosse<l  by  the  writer.  Mr. 
Fairbanks  found  on  the  western  side  of  the  range,  north  of  Wind}' 
Gap  as  far  as  the  Pinto  Range  (which  is  a  spur  of  the  Panamint 
Range  running  northwesterly  from  the  Wild  Rose  mining  district), 
that  a  large  portion  of  the  rocks  are  mica-schists,  quartzites,  and 
marbles,  which  have  been  cut  by  intrusive  granite.  According  to  Mr. 
Fairbanks,  the  Pinto  Range,  as  viewed  from  the  Argus  Range,  appears 
also  to  l)e  formed  of  bands  of  marble  of  various  colors. 

In  the  Grapevine  Range  at  Boundary  Canyon  Mr.  Gilbert*  found 
limestones  containing  imperfect  Cambrian  fossils.  He  notes  that  in 
that  part  of  the  Panamint  Range  which  lies  opposite  Boundary 
Canyon  the  rocks  appear  from  a  distant  view  to  be  similar. 


iNoteH  on  the  K<^>lc>gy  of  eastern  California:  Am.  Gool.,  Vol.  XVII,  IMW,  p.  63. 
6U.  S.Oeog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  Ill, p.  33, 189, 181. 
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The  strike  of  the  folds  is  parallel  with  the  trend  of  the  range,  so 
that  unless  disturbed  by  cross  faulting  the  same  general  formations 
will  be  found  for  many  miles.  Therefore  the  Cambrian  and  Silurian 
have  been  represented  on  the  map  as  extending  northward  until 
covered  by  volcanic  flows  at  the  northern  end  of  the  range. 

SU.URIAN  AND  CARBONIFEROUS. 

Mr.  F.  B.  Weeks,  of  the  U.  S.  Geological  Survey,  visited  various 
parts  of  the  range  in  1900.  Near  Panamint  he  found  quartzite  and 
limestones  which  he  referred  on  stratigraphic  grounds  to  the  Cam- 
brian. South  of  Shaw  Peak  (near  the  northern  end  of  the  range)  he 
found  a  considerable  extent  of  Silurian  rocks,  with  Lower  Silurian 
(Pogonip)  fossils,  as  subsequently  determined  b}'^  Mr.  Ulrich.  South 
of  here  the  Silurian  Pogonip  formation  was  succeeded  by  the  over- 
lying Eureka  quartzite,  and  still  farther  south  were  the  Upper 
Silurian  limestones,  making  the  Silurian  belt  extend  to  Cottonwood 
Canyon.  At  the  mouth  of  C/Ottonwood  Canyon  Mr.  Weeks  found 
Carboniferous  fossils — Produetus,  crinoid  stems,  and  a  species  of 
8emmvla{'/). 

EARLY  TERTIARY. 

The  eastern  flanks  of  the  range  fronting  Death  Valley,  as  seen  on 
the  road  between  Furnace  Creek  and  Windy  Gap,  are  composed  of 
upturned,  yellow-green  strata  and  associated  volcanics  lying  upon 
the  older  rocks  with  no  evident  unconformity,  and  partaking  of  their 
folds.  This  belt  of  interbedded  volcanics  and  sediments  grows  wider 
toward  the  south,  and  soon  completely  covei*s  the  Paleozoic  area, 
which  is  wedged  out  between  the  younger  series  and  the  granite. 
The  same  series  occurs  along  a  great  part  of  the  road  which  crosses 
the  range  to  Windy  Gap.  It  consists  of  layers  of  calcareous  tufa, 
evidently  chemical  deposits,  with  brown  conglomerates  containing 
lava  bowlders,  interstratified  with  and  covered  by  lava,  lava  conglom- 
erate, and  lava  breccia.  The  lava  in  these  belts  proved,  in  three 
different  samples,  to  be  biotite-hornblende-andesite. 

This  series  of  conglomerates,  breccias,  tuffs,  chemical  precipitates, 
and  lavas  is  the  same  as  that  exposed  on  the  opposite  side  of  Death 
Valley,  where  it  forms  practically  the  whole  mass  of  the  Funerfjl 
Mountains.  In  the  Funeral  Mountains  these  rocks  have  be(»n  pro- 
visionally correlated  with  the  Esmeralda  formation  in  the  Silver  Peak 
Range,  which  are  chiefly  Eocene-Miocene. 

LATE  TERTIARY. 

Mr.  H.  W.  Fairbanks  notes"  that  on  the  northern  slopes  of  the 
Panamint  Range,  overlooking  Mesquite  Valley,  there  are  la.*j;(*  areas 
of  gravels,  which  are  unconsolidated  and  reach  an  «»levatioii  of  r.,(MjO 
feet,  extending  nearly  to  the  summit  of  tlie  range.     These  may  l)e 


uAm.Geol.Vol.  XVIl.I»l6,p.71. 
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comparable  to  the  younger  semi-iudurated  conglomerate  series  in 
the  Funeral  Range,  which  is  probably  late  Tertiary,*  or  may  be  even 
Pleistocene. 

PLEISTOCENE. 

At  the  foot  of  the  range,  above  Death  Valley,  at  its  southern 
end,  one  finds,  overlying  unconformably  the  Tertiary  deposits  just 
described,  bluffs  of  well-rolled  pebbles  and  small  bowlders  with  per- 
fectly horizontal  stratification,  the  strata  making  a  continual  angle 
with  the  slight  dip  of  the  surface  to  the  east.  This  horizontallty  sug- 
gests that  the  deposit  is  a  lake  deposit,  and  connects  it  with  similar 
conglomerates  observed  in  a  similar  position  in  the  lower  part  of 
Furnace  Creek,  in  the  Funeral  Mountains.  These  conglomerates  are 
also  intimately  connected  with  the  gravels  which  occupy  the  bottom 
of  Death  Valley  and  with  the  salt  desert  which  occurs  between  the  two 
localities  just  described. 

IGNEOUS   ROCKS. 
GRANITE. 

In  the  southern  portion  of  the  range  the  core  of  the  mountains  for 
some  distance  is  made  up  of  a  body  of  massive  granite,  whicli  varies 
to  granite-porphyry.  This  granite  appears  to  l)e  intrusive  into  the 
Paleozoic  rw^ks,  but  not  into  the  Tertiaries.  Along  the  road  which 
crosses  the  range  east  of  Windy  Gap  the  granite  is  hidden  beneath 
these  Tertiary  rocks,  but  just  soutli  of  the  roa<l  another  patch  of 
granite  i^  exposed  around  Granite  Peak.  The  rock  at  (xranite  Peak 
was  shown  by  microscopic  examination  to  be  a  ])iotite-granite,  verging 
towaiil  alasklte,  while  farther  north  two  samples  of  granite  proved  to 
be  biotite-granite-porphyry. 

Farther  north,  according  to  Mr.  Fairbanks,''  the  granite  wliich  cuts 

the  ancient  .limestones  and  quartzites  in  the  mining  regions  on  the 

east  side  of   Panamint  Valley  is  a  biotite-hornblende-granite  with 

much  <iiiartz. 

voix;anic  rocks. 

As  already  stated,  volcanic  rocks  make  up  a  considerable  portion 
of  the  Tertiary  formations.  Three  spec^imens  of  these  rocks  examined 
all  proved  to  be  biotite-  or  liornblende-andesite,  biit  probably  other 
rocks  occur  in  the  series. 

Overlying  these  folded  lavas  unconformably  is  a  later  flow  of  more 
basic  rock,  which  covers  a  considerable  area  in  the  neighborhood  of 
Browns  Peak,  just  south  of  Windy  Gap.  Two  specimens  of  this  rock 
taken  at  different  places  proved  to  be  in  one  case  pyroxene-aleutite, 
and  in  the  other  bwmzite-olivine-aleutite.*^  Analysis  shows  them  to 
be  rather  siliceous  for  the  species. 


aSeep.  191. 

bAm.  QeoU  Vol.  XVH,  1805,  p.  72. 

cSee  J.  E.  Spnrr,  Am.  Geol.,  Vol.  XXV,  p.  8S.    Alentite  is  iransitioDal  between  andeeite  and 
basalt. 
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Mr.  H.  W.  Fairbanks  states^  that  on  the  northern  slopes  of  the 
Panamint  Range,  overlooking  Mesquite  Valley,  there  are  scattered 
sheets  of  andesite  and  basalt. 

Yet  another  series  of  volcanics  is  exposed  in  this  region.  It  is  that 
forming  the  greater  part  of  the  Slate  Range,  which  lies  immediately 
west  of  the  southern  end  of  the  Panamint  Range.  The  same  rocks 
occur  in  the  region  south  of  Browns  Peak,  in  the  Panamint  Range, 
underlying  the  aleutites.  These  older  volcanics  are  comparatively 
light  colored  and  weather  reddish ;  they  are,  moreover,  considerably 
8heare<1.  Thin  sections  fail  to  exactly  determine  their  nature,  except 
that  they  are  really  lavas  with  glassy  groundmass,  and  that  they  are 
largely  f  eldspathic.  From  the  shearing  it  is  probable  that  these  lavas 
are  older  than  those  in  the  folded  Tertiary  series. 

Mr.  Fairbanks*  found  forming  the  highast  portion  of  the  Panamint 
Range  for  a  number  of  miles  east  of  Panamint  a  Ixxly  of  ancient 
rhyolite,  which  he  regards  as  one  of  the  most  ancient  lavas  observed 
in  the  region. 

According  to  Mr.  F.  B. 'Weeks,  of  the  United  States  Geological  Sur- 
vey, who  has  visited  the  northern  end  of  the  Panamint  Range,  the 
Paleozoic  rocks  are  here  covered  by  extensive  flows  of  lava,  which 
appear  to  be  nearly  continuous  with  the  lava  area  at  the  extreme 
southwestern  end  of  the  Silver  Peak  Range. 

STRUCTURE. 

That  portion  of  the  Panamint  Range  between  a  point  opposite  Fur- 
nace Creek  and  Windy  (iap  appeared' to  the  writer,  studying  it  through 
field  glasses,  to  l)e,  in  general,  anticlinal.  From  (-ottonwood  (-anyon 
northward  to  Shaw  Peak,  according  to  Mr.  F.  B.  Weeks/  Ww  Pale- 
ozoic strata  dip  in  general  north  of  west. 

The  Paleozoic  and  Tertiary  strata  on  tlie  east  side  of  the  range, 
south  of  Emigrant  Canyon,  are  apparently  <»ouforinable  and  have  the 
same  folds.  There  is  here  a  series  of  alternating  anticIiiH»s  and  syn- 
clines,  liaving  trends  due  north  and  south.  Each  of  these  folds  may 
be  traced  continuously  for  a  numl>er  of  miles.  Tlie  axes  of  the  folds, 
as  sketched  on  the  map,  form  a  series  of  straight  lines  of  moderate 
length,  the  more  southern  of  which  are  continually  offset  to  the  east 
from  the  more  northern  ones.  The  explanation  of  this  ph(»nonienon 
may  l^e  a  series  of  east- west  faults,  which  fault  tlu*  folds  system- 
atically to  the  east  on  the  south  side. 

Just  north  of  the  (^astern  part  of  tlie  roa<l  which  runs  from  Furnace 
Creek  to  Windy  Gap,  where  this  road  enters  the  Panamint  Range, 
the  strike  of  the  folds  clianges  from  north  and  south  to  northwest  and 
southeast,  and  so  continues  to  the  exti*eme  tcM'nii nation  of  tlie  rang(% 
iu  the  neighborhood  of  Owlshead  Peak.  In  all  this  extreme  southern 
portion  there  are  no  Paleozoics,  but  the  Tertiary  int<M-l)edded  sedi- 
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ments  and  lavas  show  the  same  system  of  folding  as  in  the  Paleozoics, 
although  somewhat  less  pronounced. 

The  Pinto  Mountains,  a  spur  of  the  Panamint  Range,  lying  north- 
east of  the  Wild  Rose  mining  districtf,  are  stated  by  Mr.  Fairbanks^ 
to  have  an  apparent  monoclinal  structure,  exjwsing  an  enormous 
thickness  of  strata  whose  truncated  edges  face  Panamint  Valley. 

In  the  Panamint  Range  much  of  the  deformation  must  be  of  com- 
paratively recent  date.  We  know  that  much  of  it  occurre<l  since  the 
deposition  of  the  Tertiary  beds  and  associated  lavas,  since  these  are 
involved  with  the  Paleozoics  in  the  upturning. 

ORE   DEPOSITS. 

The  following  brief  note  on  the  ores  of  the  Panamint  liango  is 
gleaned  from  the  reports  of  Mr.  II.  W.  Fairbanks.*  Near  Postoffice 
Springs  gold  is  found  in  quartz  veins  inclosed  in  limestone,  which  is 
folded  to  a  syncline,  with  slates  below  and  on  both  sides.  The  ore  is 
high  grade.  In  the  neighborhood  of  the  old  town  of  I*anamint  are 
found  silver-bearing  sulphides  of  copper,  antimony,  and  arsenic, 
stromeyerite  and  tetrahedrite  l)eing  the  most  common  minerals.  The 
gangue  of  the  veins  is  quartz,  and  the  veins  are  found  in  all  the  sed- 
imentary formations  of  the  district.  North  of  here,  in  the  Wild  Rose 
district,  a  similar  class  of  ores  is  found.     Galena  is  seldom  observed. 

LEACH  POINT  AND  BURNT  ROCK  MOUNTAINS. 

The  roughly  defined  east- west  chain  of  low,  irregular  mountains 
which  stretches  eastward  from  the  southern  end  of  the  Sierra  Nevada 
at  El  I^aso  Peak  to  Pilot  Knob  is  continued  farther  east  in  other  low, 
irregular  mountains,  which  just  east  of  Pilot  Knob  have  been  called 
the  Hurnt  Rock  Mountains,  and  still  farther,  in  the  same  direction,  the 
Leach  Point  Mountains.  On  the  north  of  these  mountains  the  narrow 
Leach  Point  Valley  separates  them  fi*om  the  southern  end  of  the  Pan- 
amint Range.     On  the  south  lies  the  Mojave  Desert. 

SEDIMENTARY   ROCKS. 
LIMESTONE. 

About  8  miles  northeast  of  Pilot  Knob  there  occurs,  along  the 
main  traveled  roail,  an  outlying  spur  from  the  low  mountains,  which 
is  composed  of  very  sandy  blue  limestone,  amounting  almost  to  a 
gray  quartzite.  This  is  interbedded  with  shaly  and  cherty  thin- 
bedded  limestones.  This  rock  strikes  N.  00°  E.  and  dips  E.  65°. 
It  is  slightly  altered  and  sheared,  and  no  fossils  were  found.  It  forms 
only  a  small  patch,  and  is  overlain  by  basalt. 


"Am.  G«ol.,  Vol.  XVII,  18B6,  p.  m. 
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EOCENE. 

The  bulk  of  the  mountains  lying  east  of  Pilot  Knob  are  flat  topped 
and  slightly  pinnacled.  They  consist  of  light-colored  stratified  beds, 
with  intercalated  sheets  of  lava,  the  whole,  in  general,  capped  by 
black  sheets  of  basalt.  Mr.  Gilbert  ^  has  also  noted  these  deposits  in 
this  range.  They  are  probably  the  sam^  as  those  exposed  in  the 
El  Paso  Mountains,  where  they  contain  Eocene  fossils,  and  they  are 
also  the  same  as  those  which  make  up  the  Funeral  Range  and  thus  are 
widely  distributed  throughout  this  region. 

IGNEOUS  ROCKS. 
GRANITE. 

Along  the  western  edge  of  these  mountains  granite  is  seen  to  be 
the  basal  rock.  A  specimen  collected  a  few  miles  north  of  Pilot 
Knob  appears  to  be  a  typical  biotite-granite.  The  relation  of  this 
rock  to  the  limestone  above  described  is  not  known,  but  it  is  very 
likely  intrusive  in  it,  if  we  may  judge  from  the  similar  occurrences 
in  the  Panamint  and  El  Paso  ranges  and  in  other  neighboring  ranges. 

VOLCANIC  ROCKS. 

Some  miles  north  of  Pilot  Knob  typical  tordrillite  *  was  collected, 
apparentlj^ derived  from  one  of  the  sheets  intercalated  in  the  lake  beds. 

Sheets  of  black  basalt  overlie  the  lake  beds  and  constitute  the 
latest  volcanic  rock  of  the  region. 

STRUCTURE. 

The  Tertiary  beds  and  intercalated  lava  sheet^s  seem  to  he,  in  gen- 
eral, nearly  horizontal,  but  in  one  place  at  least — about  4  miles  north- 
east of  Pilot  Knob — an  anticlinal  fold  was  observed,  having  a  nearly 
north-south  trend,  with  dips  of  from  10°  to  20°  on  the  limbs. 

WHITE  MOUNTAIN  RANGE. 

The  important  mountain  range  immediately  east  of  the  Sierra  has 
gone  by  the  name  of  the  White  Mountains  in  its  northern  port  ion  and 
the  Inyo  Range  in  its  southern.  Inasmuch  as  the  two  so-called  ranges 
are  not  in  any  way  disconnected,  but  form  a  compl(»te  whole,  lh(»y  will 
be  here,  for  the  sake  of  convenience,  described  together  under  the  head 
of  the  White  Mountain  Range,  as  suggested  by  Mr.  Walcott.'  TIk^ 
range  extends  in  a  northwesterly  and  southeasterly  direction,  from 
the  Candelaria  Mountiains  on  the  north  to  the  neighborhood  of 
Owens  Lake  on  the  south,  passing  at  both  ends  into  lowei-,  irregular 
mountains  of  lava.    No  pai-t  of  the  range  has  been  visit  <m1  by  tln^  writer. 


oU.  S.  Gei>g.  Siirv.  W.  On«'  Hundredth  Mer.,  Vol.  III.  p.  125. 
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and  the  following  notes  are  entirely  a  compilation  of  observations, 
although  now  for  the  first  time  brought  together.  The  observers 
include  Messrs.  Gilbert,  Walcott,  Turner,  and  Weeks,  of  the  United 
States  Geological  Survey,  and  Goodyear,  Gabb,  and  other  geologists 
of  the  geological  survey  of  California. 

TOPOGRAPHY. 

As  a  rule  the  topography  of  the  Whit^  Mountains  is  characterized 
by  great  relief,  with  deep  canyons  and  high  peaks.  On  the  eastern 
side  of  the  range  there  is  an  abrupt  scarp  for  many  miles,  while  the 
western  slope,  although  generally  steep,  is  on  the  average  considerably 
gentler  than  the  eastern.  White  Mountain  Peak,  which  is  at  the 
northern  end  of  the  range,  is  of  granite,  and  is  a  conspicuous  land- 
mark for  many  miles.  It  stands  exactly  on  the  boundary  between 
Nevada  and  California. 

SEDIMENTARY   ROCKS. 
CAMBRIAN. 

Near  the  central  portion  of  the  range,  or  at  the  southern  end  of 
the  White  Mountains  proper,  Mr.  Gilbert^'  early  observed  a  series  of 
quartzites  and  schists  with  a  little  limestone.  The  age  of  this  series 
he  did  not  determine.  Later  Mr.  Walcott  investigated  it  and  found 
it  to  l^  Lower  Cambrian.  Mr.  Walcott's  chief  studies  were  on  the 
western  side  of  the  range.  In  several  canyons  to  the  east  of  Big  Pine, 
namely,  Waucobi,  Black,  and  Silver  canyons,  Mr.  Walcott*  found  the 
following  section : 

Section  east  of  Big  Pine. 

Feet. 

4.  Upper  arenaceons  beds 200 

8.  Alternating  limestones  and  shales _ - .  1 ,  000 

2.  Siliceous  slates  and  quartzites .  2, 000 

1 .  Siliceous  limestones 1 ,  700 

Total 4,»00 

No  fossils  were  found  in  the  lower  limestone,  but  in  the  lower  silice- 
ous series  are  annelid  trails  and  in  places  the  heads  of  OleneUus^ 
while  in  the  upper  limestone  are  great  quantities  of  Caml)riHn  corals, 
of  the  same  types  as  occur  in  the  Silver  Peak  Range  to  the  east. 
Mr.  Walcott  notes  that  this  is  the  oldest  Cambrian  fauna  known  in 
the  western  portion  of  the  United  States. 

Northward  from  this  locality  Mr.  Walcott  found  Cambrian  rocks 
along  the  western  face  of  the  range,  nearly  to  its  northern  end. 

On  the  eastern  side  of  the  range  he  found  many  of  the  low  moun- 
tains lying  northeast  of  Salinas  Valley^  to  l>e  Cambrian,  and  also  a 

aU.  S.  Oeog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  Ill,  p.  189. 
''Am.  Jour.  Sci.^Sdneries,  Vol.  XLIX,  1805,  pp.  141-144. 
''Penional  communication  to  the  writer. 
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great  part  of  the  main  White  Mountain  Ran^e  bordering  the  same 
valley  on  the  west.  At  the  latter  locality  Cambrian  rocks  are  cut  by 
great  masses  of  intrusive  granite.  At  the  northern  end  of  the  range 
Cambrian  rocks  occur  in  considerable  quantities  on  the  eastern  side, 
alternating  with  areas  of  granite  which  are  intrusive  into  them." 

The  roc*ks  have  here  suffered  considerable  contact  metamorphism 
by  the  granite,  the  limestones  being  sometimes  changed  to  dolomitic 
marbles. 

SILURIAN. 

Mr.  Walcott*  discovered  a  patch  of  rocks  Ijearing  Silurian  (Trenton) 
fossils  (m  the  eastern  side  of  the  range,  southeast  from  Big  Pine,  along 
the  road  leading  from  Waucobi  Canyon. 

Mr.  F.  B.  Weeks*  found  in  1900,  near  the  head  of  Mazurka  Canyon, 
rolled  remains  of  crinoids  and  fragments  of  bryozoa  which  indicate 
that  the  rocks  at  this  place  are  not  older  than  Middle  Ordovician, 
and  may  l)e  somewhat  younger. 

At  the  southern  end  of  the  range,  in  the  vicinity  of  Cerro  (tohIo, 
Dr.  O.  Loew^  reports  that  the  rocks  are  largely  Silurian  limestones 
containing  great  numbers  of  fossils,  whose  genera  and  species,  how- 
ever, he  does  not  record.  These  rocks,  he  notes,  are  cut  into  by 
intrusive  masses  of  granitic  rocks. 

CARBONIFEROUS. 

Mr.  Walcotf'  records  that  Mr.  Fairbanks,  of  the  California  Mining 
Bureau,  discovered  the  characteristic  Coal  Measures  fossil,  FusuJimi 
cylhulriea,  in  the  southern  end  of  the  range  east  of  Keeler. 

Also  at  the  southern  end  of  the  range,  just  lielow  tli(»  sunmiit  of 
Cerro  Gordo  Peak  the  following  Carboniferous  fossils  wcmt  found  by 
Mr.  Weeks  in  1900,  and  were  determined  by  Dr.  Girty: 

Rhipidomella  ?    sp. 
Am  plexus  westi  V 
Productus  fragments. 
Marginifera  splendens  V 

TRIASSIC. 

Just  east  of  (^amp  Independence  Dr.  Horn,  of  th(»  California  geo- 
logical survey,  discovered  a  fossil  in  a  series  of  slates  with  intercalat(»d 
limestone  Ijeds,  which  was  eonsidered  by  Mr.  Gabb'  to  )m»  Triassie. 

According  to  Professor  Whitney,  these  same  slates  extend  north- 
waitl  from  Bend  City  (just  east  of  Camp  Independeiiee)  for  l*.5  miles. 
Yet  this  general  region  is  delineated  on  the  map  aeeompaiiying  this 

"PiTsonal  fommunication  to  the  writer  by  Mr.  Tumor  jind  Mr.  WiM-ks. 
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bulletin  as  j^ranit-e,  following  the  preliminary  gc'^ological  maps  of  the 
State  of  California,  published  in  1891  by  the  State  Mining  Bureau. 

South  of  the  locality  above  mentioned,  near  the  ci-est  of  the  range, 
halfway  betwe<^n  Independence  and  Owens  Lake,  Mr.  Walcotf  found 
a  single  block  containing  Triassic  fossils. 

Mr.  Turner**  traced  the  Triassic  rocks  as  a  continuous  belt  l)etween 
the  two  localities  above  mentioned  and  also  some  distance  farther 
south  along  the  western  flanks  of  the  range.  Mr.  Turner  states  that 
the  rocks  consist  essentially  of  Triassic  lavas  with  interbedded  tuffs. 
The  same  rocks  occur  on  the  western  side  of  Owens  Valley,  northwest 
of  Owens  Lake,  on  the  flanks  of  the  Sierras,  and  liere  also  are  of  the 
same  character. 

From  the  lithology  of  the  Triassic  rocks  above  mentioned  a  proba- 
ble correlation  is  established  with  the  Koipato  group  of  the  fortieth 
parallel  Triassic,  as  defined  by  King. 

PLIOCENE. 

Just  east  of  Big  Pine  Mr.  Walcott*  Inis  described  a  considerable 
area  <*overeil  by  consolidated  stratificnl  <leposits,  wliich  he  regards  as 
lak(^  l)eds.  The  strata  consist  of  fine  calcareous,  arenaceous,  and 
argillaceous  sands  with  layei*s  of  fine  conglomerate,  tlie  whole  l)eing 
covered  by  angular  debris  washed  down  from  the  mountain  since  the 
deposition  of  the  stratified  material.  The  dejwsits  are  coarser  near 
the  mountains  and  finer  as  the  distance  increases.  Some  of  the  white 
beds  are  made  up  almost  entircly  of  fi^esh-wat^^r  shells,  concerning 
which  Dr.  Dall  says:  "Any  of  them  may  be  recent  or  Pliocene.  My 
iinpr(»ssion  from  the  mass  is  that  they  are  Pleistocene."  Mr.  Walcott* 
found  these  beds  reaching  from  the  bottom  of  the  valley  up  to  a  height 
of  3,(KM.)  feet  above  the  valley,  or  to  an  actual  height  above  sea  level 
of  about  7,000  feet.  As  an  explanation  for  the  great  lieight  at  which 
these  deposits  are  found,  Mr.  Walcott  mentions  two  main  hypoth- 
eses— first,  that  a  lake  3,000  feet  deep  existed  over  the  site  of  the 
present  Owens  Lake,  and,  second,  that  the  Inyo  or  White  Mountain 
Range  has  been  elevated  since  the  deposition  of  the  lake  beds,  can*y- 
ing  up  these  beds  with  it.  He  inclines  to  the  view  that  the  latter  is 
the  correct  hypothesis,  on  account  of  the  steep  easterly  scarp  of  the 
lange,  which  might  be  taken  as  a  fault  scarp,  and  from  other  consid- 
erations. 

The  character  of  tliese  beds,  as  described  by  Mr.  Walcott,  and  their 
nearly  horizontal  attitude  are  identical  with  those  of  deposits  of  the 
late  Pliocene  lake  which  has  already  been  described  by  the  writer  as 
observed  by  him  in  numerous  localities  in  Nevada,  but  chiefly  in  the 
region  between  Lake  Mono  and  Carson.  All  these  beds  he  has  con- 
sidered as  the  dei)osits  of  a  late  Pliocene  lake — the  Lake  Shoshone  of 

<'  PerHonul  <!ommanination  to  the  writer.       <»  Jonr.  Geol.,  Vol.  V,  p.  34<>.       ^'Ibid.,  i>.  845. 
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King."  In  the  region  just  north  of  Lake  Mono  he  found  the  highest 
deposits  of  this  lake  at  an  altitude  of  7,100  feet,  and  c^me  to  the  con- 
clusion that  the  uppermost  deposits  of  the  ancient  Lake  Mono  formed 
part  of  the  deposits  of  the  same  great  water  body.  When  the  great 
lake  stood  at  this  altitude  it  must  have  been  connected  by  numerous 
straits  with  the  valley  of  the  present  Owens  River,  which  formed  au 
arm  of  the  same  lake.  The  uppermost  limit  of  the  lake  beds  not-ed  b}'' 
Mr.  Walcott  coincides  almost  exactly  with  the  uppermost  limit  in  the 
vicinity  of  Lake  Mono  and  to  the  north  of  it.  It  is  therefoi*e  likely 
that  the  deposits  on  the  slopes  of  the  White  Mountain  Range  are  to 
be  correlated  with  these  other  deposits.  Tlie  age  indicated  by  the 
fossils  found  by  Mr.  Walcott  also  coincides  with  the  other  determina- 
tions made  in  other  localities,  all  combining  to  indicate  a  period 
between  late  Pliocene  and  early  Pleistocene. 

If  this  is  the  c^se,  no  local  elevation  of  the  White  Mountains  (*an  be 
inferred  from  the  position  of  the  lake  beds  at  the  comparatively  great 
altitude  where  they  are  found,  since  the  altitude  is  similar  over  the 
whole  region.  As  was  inferred  by  the  writer  with  i*eference  to  the 
region  ai'oun<l  Lake  Mono,  there  appears  to  have  been  a  general  uplift 
of  mountain  and  valley  throughout  this  whole  region,  lifting  the 
deposits  of  the  l^liocene  lake  about  1,000  feet  higher  than  farther 
north. 

South  of  Owens  Lake  Mr.  Turner  found*  well-stratified  sands, 
gravels,  and  tuffs,  occupying  a  large  portion  of  the  valley  b(Mieath 
the  overlying  Pleistocene  aecumulations,  and  having  a  slight  dip  west- 
ward. These  may  belong  to  the  same  series  as  above  described.  The 
same  beds  are  mentioned  by  Mr.  Fairbanks,''  who  notes  that  at  Owens 
Lake  they  reach  an  elevation  of  at  least  1,500  feet  above  the  lake 
surface.     Mr.  Fairbanks  regards  these  beds  as  formed  underwater.^ 

IGNEOUS   ROCKS. 
(IRANITIC   R<X.'KS. 

Mr.  Gilliert*'  noted  that  the  eastiirn  ridge  of  the  White  Mountains, 
eimt  of  Deep  Springs  Valley,  is  composed  of  granite.  The  niapof  the 
California  State  Mining  Bureau/  shows  a  number  of  other  granite 
areas.  On  this  map  the  whole  northern  end  of  the  range  in  1  he  vicin- 
ity of  White  ]\Iountaiii  Peak  is  shown  to  be  of  granite,  and  also  most 
of  the  range  from  Loehr  Peak  son  ih ward  to  Deep  Springs  Valley. 
Farther  south,  a  eonsiderable  area  of  granitic  rocks  is  shown  south  of 

rtStM»pp.  117.1  ukr:?. 

^PorHonal  rommunhuition. 

'Am.  Geol.,  Vol.  XVII,  p.  VA). 

''Mr.  M.  R.  CampboU'H  lator  notes  on  tlu^se  gravels  (Bull.  U.  S.  Gool.  Survey  No.  an),  i».20t  show 
that  they  are  jfently  folded  lake  Hedinient,s  containing  mneh  volcttni<r  tnflf.  They  are  very  likely 
pre-PIi<H"ene  (E(H"ene  or  Mi(Krene),  like  the  lak(»  Iwds  in  Funeiiil  Rant^e. 

rV.  S.  «tM>K.  Sarv.  W.  One  Hundredth  Mer.,  Vol.  Ill,  p.  315. 

/Preliminary  minenilo^jiiral  and  (^eolo^ical  map  of  the  State  c>f  California,  ISSU. 
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Waiicobi  Peak,"  while  a  small  area  is  shown  southwest  of  Salinas  Val- 
ley, also  in  the  center  of  the  range.  In  the  low  niount^ains  lying 
northeast  of  Salinas  Valley  two  considerable  areas  are  shown. 

From  personal  communications  of  Messrs.  Walcott,  Turner,  and 
Weeks,  further  information  on  the  extent  of  ttte  granite  has  been 
obtained.  The  two  northern  granite  areas  represented  as  separate 
on  the  above-cited  map  appear  to  be  continuous  between  Loehr  Peak 
and  White  Mountain  Peak.  On  the  eastern  side  of  the  northern  end  of 
the  range  a  great  deal  of  granitic  rock  is  found,  cutting  the  Cambrian 
sediments.  Farther  south,  the  granite  area  south  of  Waucobi  Peak 
extends  southeastward  in  a  continuous  belt  to  the  area  southwest  of 
Salinas  Valley,  and  the  Cambrian  beds  west  of  Salinas  Valley  are  cut 
through  by  masses  of  the  same  rock. 

VOLCANIC   ROCKS. 

As  not^d  above,  many  of  the  Triassic  rocks  are  lavas.  There  are, 
moreover,  some  areas  of  Tertiary  and  Pleistocene  lavas,  as  repre- 
sented on  the  map.  Mr.  Giltert  *  noted  some  basalt  just  east  of  Big 
Pine.  The  map  of  the  California  Mining  Bureau,  above  mentioned, 
shows  an  area  of  volcanic  rocks  lying  on  the  west  flanks  of  the  range 
in  the  neighborhood  of  Waucobi  Peak,  an<l  connecting  westward 
across  Owens  Valley  witli  a  larger  ar<»a  of  lava  on  the  eastern  slopes 
of  the  Sierra.  The  same  map  also  shows  volcanic  rocks  lying  on  the 
northern  slopes  of  the  granite  of  Whiti*  Mountain  i^eak,  at  the  north- 
ern end  of  the  range,  and  shows  a  great  area  of  lava  lying  southeast 
of  Owens  Lake,  and  forming  the  southern  end  of  the  range.  Mr. 
■J'urner  founil  that  the  mountains  east  of  Sandy  Springs,  which  form 
a  kind  of  connection  between  the  northern  end  of  the  White  Mountain 
Range  and  the  Silver  Peak  Range,  ai^e  mostly  volcanic. 

ORE   DEPOSITS. 

The  following  notes  are  t^iken  from  Mr.  II.  W.  Fairbanks's  writings.  ^^ 
Silver- lead  ores,  chiefly  in  limestone,  are  found  about  Cerro  Gordo 
and  southeast  of  Independence. 

Auriferous  quartz  veins  are  abundant.  They  are  found  north  of 
Cerro  Gordo,  in  the  Beveridge  district,  in  the  Alhambra  Hills,  5  miles 
north  of  Lone  Pine,  between  Independence  and  Big  Pine,  and  east 
and  northeast  of  Bishop  Creek.  The  veins  are  chiefly  in  or  near 
granite,  often  at  or  near  the  contact  of  it  with  slates  or  limestones. 
They  probably  have  a  genetic  connection  with  the  granitic  intrusion. 


"According  to  Profe«8or  Whitney,  however  (Geological  Survey  of  California,  G^©ology,  Vol.  I, 
p.  459),  the  woBtem  face  of  the  range,  south  of  Waucobi  Peak  to  Bend  City  (just  east  of  Camp 
Independence),  is  composed  of  tilted  slates  and  other  stratified  rocks.  If  this  is  the  case,  these 
stratified  rocks  ai-e  undoubtedly  continuous  with  the  Triassic  rocks  south  of  Camp  Inde- 
iwndence. 

''  U.  S.  Geog.  Surv.  W.  One  Hundre<lth  Mer,  Vol.  Ill,  p.  124. 

<•  Report  California  Min.  Bureau,  1804,  p.  475;  Am.  Geoi.,  Vol.  XVII,  No.  8,  pp.  145, 146,  14»,  150. 
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STRUCTURE. 

Mr.  Gilbert*  gives  a  cross  section  of  the  range  east  of  Big  Pine, 
which  exhibits  several  adjacent  folds  of  moderate  dip,  broken  by  a 
number  of  faults.  ,  According  to  Mr.  Gilbert's  section  the  faults  are 
not  directly  expressed  in  the  topography. 

Later  Mr.  Walcott*  described  several  sections  of  the  White  Moun- 
tain Range,  in  the  same  general  region  as  that  in  which  Mr.  Gilbert's 
section  was  made.  Mr.  Walcott  also  finds  the  range  made  up  of  a 
number  of  adjacent  folds  broken  by  faults,  and  finds  the  chief  fold  to 
be  a  closely  compressed  syncline  overthrown  to  the  east,  thus  present- 
ing a  type  of  structure  common  in  the  Appalachians. 

DARWIN  OR  ARGUS  RANGE. 

This  range  is  low  and  of  no  great  importance.  It  lies  between  the 
Panamint  Range  and  the  Coso  Mountains  and  is  south-southeast  of  the 
White  Mountain  Range.  The  range  is  about  70  miles  in  length  aiid 
very  narrow.     Through  its  northern  portion  Darwin  Canyon  runs. 

SEDIMENTARY   ROCKS. 

Mr.  H.  W.  Fairbanks <^  notes  that  the  eastern  face  of  the  Argus 
Range,  from  Darwin  to  Modoc,  is  made  up  lai'gely  of  limestone,  which 
sometimes  forms  the  crest  of  the  range  and  is  present  in  great  thick- 
ness.    Besides  the  limestone  there  is  also  calciferous  <inartzite. 

The  age  of  this  Paleozoic  series  is  not  known,  but  it  is  provisionally 
mapped  as  Cambrian,  in  view  of  the  probable  age  of  the  rocks  of  the 
Panamint  Range  to  the  east.^ 

IGNEOUS   ROCKS. 
GRANITE. 

According  to  Mr.  Fairbanks,''  granite  occupies  a  considerable  por- 
tion of  the  Argus  Range,  forming  part  of  a  continuous  body  which 
stretches  from  the  Mojave  Desert  to  the  Sierra  Nevada.  In  general, 
it  is  a  granular,  light-colored,  biotite-hornblende  rock. 

VOLCANIC   Rm'KS. 

From  Darwin  Canj^on  north  to  the  3()°  30'  parallel  the  mountains 
are  described  as  black  lava  hills  on  the  topograph ic  niai)  of  the 
Wheeler  Survey  (65-D).  This  same  portion  of  the  nin^c  is  also  rep- 
resented as  volcanic  on  the  preliminary  geologic  nuip  of  California, 


nU.  S.  Geoif.  Surv.  W.  One  Hundredth  Mer  ,  Vol.  III.  i>.  M 

fcAm.  Jour.  St-i.,  Hd  series.  Vol.  XLIX,  H»5,  p.  Irt) 

rAm.  Geol.,  Vol.  XVII,  I«W,  pp.  65,  149. 

rfSim-e  writin^c  the  above  Mr.  F.  B  W«M?kK  has  informed  the  writer  thnt  in  M**)  ho  found  in 
Shepherd  (.'anyon  heavy  exposures  of  quartzite  overlain  by  limestone,  which  he  had  no  hesita- 
tion m  referrmjc  on  stratig^raphic  grounds  to  the  Cambrian. 

«Op.  cit.,  p.  72. 
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• 

issued  by  the  California  mining  bureau  in  1891.  On  this  map  the 
lava  is  represented  as  extending  southward  along  the  range  to  a  point 
beyond  Malu range  Peak. 

Mr.  H.  W.  Fairbanks"  reports  numerous  flows  of  andesite  and 
basalt  through  the  Argus  Range,  forming  inclined  plateaus  on  the 
mountain  slopes.  One  of  these  basalt  flows  is  exposed  in  Argus 
Gulch,  and  beneath  it  is  an  ancient  river  channel  iilled  with  clay  and 
gravel. 

The  southern  portion  of  the  range  has  a  volcanic  api)earance,  as 
seen  by  the  writer  from  a  point  farther  south. 

ORE    DEPOSITS. 

Mr.  Fairbanks*  states  that  a  large  number  of  gold-bearing  quartz 
veins  are  scattered  through  the  southern  portion  of  the  Argus  Range. 
There  is  also,  in  the  neighborhood  of  Darwin  and  Modoc,  considerable 
galena,  rich  in  silver,  in  chambers  in  the  limestone. 

SLATE  RANGE. 

The  Slate  Range  lies  in  Panamint  Valley,  between  the  southern  end 
of  the  Panamint  and  that  of  the  Darwin  or  Argus  ranges.  It  has  an 
extent  of  only  al)out  12  miles,  and  is  comparatively  low  and  narrow. 
The  range  derives  its  name  from  the  fact  that  its  rocks  have  been 
sheaivd  so  as  to  assume  a  shity  structure. 

SEDIMENTARY   ROCKS. 
PALKOZOIO. 

Mr.  H.  W.  Fairbanks  states  that  metamorphic  strata  appear  promi- 
nently in  the  Slate  Range. 

TERTIARY. 

At  the  extreme  southern  end  of  the  range  schistose  volcanics  are 
overlain  by  cream-colored  Tertiary  sediments,  capped  by  later  basaltic 
lava.  These  Tertiary  sediments  are  probably  the  same  as  those 
exposed  in  the  Panamint  Ran(re  just  east  of  here,  and  also  in  the 
Funeral  Mountains. 

IGNEOUS  ROCKS. 
VOLCANIC   ROCKS. 

So  far  as  could  be  observed,  the  range  near  Windy  Gap  and  from 
here  southward  to  the  extreme  end  consists  of  uniform  rocks.  As 
examined  under  the  microscope,  these  rocks  seem  to  be  sheared 
feldspathic  lava,  much  altered.  The  exact  nature  of  the  lava  could 
not  be  determined,  but  it  consists  chiefly  of  a  glassy  groundmass,  with 
phenocrysts  of  feldspar.  One  specimen  studied  was  so  sheared  as  to 
be  comminuted  into  bits. 

o  Am.  Oeol.,  Vol.  XVU,  1890,  p.  78.  MMd.,  pp.  14&,  140. 
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The  age  of  the  schistose  volcanics  is  not  known,  except  that  they 
are  older  than  tlie  basalt  and  probably  older  also  than  the  Tertiary 
sediments.  Their  shearing  suggests  a  considerable  age  and  also  sug- 
gests that  they  may  be  connected  with  the  granites  of  the  Panamint 
Range,  or  with  the  ancient  rhyolite  of  that  range  east  of  Panamint,^ 
which  rhyolite  has  a  probable  connection  with  that  in  the  vicinity  of 
Johannesburg. 

At  the  northern  end  of  the  range  the  slaty  rocks  appear  to  be  in 
part  overlain  b)^  later  volcanic  flows,  as  seen  from  the  south  end. 
There  are  probably  basalts  similar  to  those  at  tho  south  end  of  the 
range. 

COSO  RANGE. 

IGNEOUS   ROCKS. 
GRANITE. 

The  central  portion  of  the  Coso  Mountains  is  made  up  of  granite 
and  gneissoidal  rocks.*  The  rock  in  this  range  is  reported  by  Mr. 
H.  W.  Fairbanks^  to  be  a  coarse,  easily  decomposed  granite,  and  the 
same  writer  states  that  granite  makes  up  most  of  the  rest  of  the  range.*' 
This  granite  is  continuous  with  the  granite  of  the  Sierra  Nevaxla. 

VOLCANIC  ROCKS. 

Mr.  Gilbert **  notes  that  the  western  base  of  Coso  Range,  south  of 
Owens  Lake,  appears  to  be  entirely  eruptive.  Mr.  Fairbanks^  has 
noted  volcanic  rocks  belonging  t^o  two  distinct  periods  of  eruption  in 
the  western  part  of  the  range.  To  the  oldcM*  rocks  Iwlong  rhyolites 
and  andesites,  while  the  younger  ccmsist  of  extensive  fiows  of  basalt 
(so  recent  in  origin  that  their  surfaces  have  been  but  slightly  modified 
by  erosion),  reaching  southwanl  in  long  arms  into  Salt  Wells  Valley. 

EL  PASO  RANGE. 

The  El  Paso  Range  is  a  rugged,  irregular  bunch  of  mountains  con- 
stituting an  f>utlier  of  the  southern  Sierra  Nevada,  south  of  the  Coso 
Range.  The  general  trend  of  its  ridges  is  <»ast  and  w<*st.  It  is 
bounded  on  the  north  bv  Salt  Wells  Vall<»v  and  on  the  south  bv  the 
Mohave  Desert. 

SKDIMENTAKV    KOCKS. 

According  to  Mr.  II.  W.  Fairbanks/'  the  stratifnMl  rocks  of  a  n»eta- 
morphic  series  (probably  Paleozoi<*)  form  a  part  of  the  El  Paso  Range 
and  are  cut  by  the  granite. 

"StH'p.  :flM. 

f'Goo\.  Surv.  California,  Vol.  I,  ]>.  474. 

'•RejMirt  Ciilifornia  Mill.  Bun'jiu.  IMM.  i»  474. 

''Am.  (Km)1.,  V«»1.  XVII,  iSiUJ,  p   145. 

''U.  S.  Geog.  Surv.  W.  One  Hundredth  M«'r.,  Vol.  Ill,  p.  124. 

/Am.  GtMil.,  Vol.  XVII,  \m\,  p.  T.l 

If  Ibid.,  p.  65. 
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EARLY  TERTIARIES. 

Mr.  Gilbert «  has  described  a  series  of  semiconsolidated  beds  in 
Redrock  Canyon,  in  the  southern  part  of  the  El  Paso  Mountains. 
These  beds  dip  westward  at  angles  ranging  from  15°  to  30°  and  con- 
sist of  semiconsolidated  sand,  gravel,  and  volcanic  tuffs  interbedded 
with  basalts  and  rhyolites.  The  gravels  contain  pebbles  of  quartz 
and  various  volcanic  rocks. 

Mr.  II.  W.  Fairbanks*  describes  the  same  series  on  the  northern 
slope  of  the  El  Paso  Range,  where  it  also  consists  of  clays,  sandstone, 
volcanic  tuffs,  and  interbedded  lava  sheets.  The  whole  thickness  is 
estimated  to  be  1,000  feet  or  more,  and  the  series  extends  over  a  con- 
siderable an»a  between  the  El  Paso  Range  and  the  Sierra  Nevada. 
Between  clay  strata,  apparently  below  the  tuffs,  southeast  of  Black 
Mountain,  a  seam  of  coal  14  inches  thick  occui's  in  this  series.  In  the 
cla)'  al)ove  the  coal  leaf  impressions  were  found,  which  Dr.  F.  H. 
Knowlton  considered  as  probably  belonging  to  the  P^ocene.  Mr.  Fair- 
banks notes  that  andesite  appears  as  flows  between  the  beds  as  well 
as  in  dikes  cutting  them  and  as  sheets  capping  them. 

The  series  of  semiconsolidated,  tilted  tuffs,  sands,  gravels,  and  vol- 
canic sheets  is  evidently  identical  with  that  which  constitutes  the 
Funeral  Range  and  the  southern  end  of  the  Panamint  Range,  as 
described.  As  has  already  been  stated,  these  latter  teds  are  believed 
to  be  the  same  as  those  still  farther  north,  in  the  neighborhood  of 
Silver  Peak. 

IGNEOUS   KOCKS. 
GRANITE. 

Mr.  Gilbert '*  notes  that  the  Kl  Paso  Mountains  have  a  core  of 
granite.     The  same  is  noted  by  Mr.  Fairbanks.'' 

VOLCJANIC  ROCKS. 

Mr.  Fairbanks^  notes  that  quartz- porphyries  appear  for  several 
miles  along  the  El  Paso  Range.  The  writer  found  that  near  Johan- 
nesburg and  Randsburg,  which  lie  among  low  hills  just  east  of  El 
Paso  Rnnge,  the  principal  rock  is  an  ancient  sheared  rhyolite.  To 
one  looking  from  this  i)oint  westward  this  same  rhyolite  appears  to 
form  a  considerable  portion  of  the  eastern  end  of  this  range  also.  It 
is  i)ossible  that  this  is  the  same  rock  that  Mr.  Fairbanks  describes  as 
([uartz-iM)rphyry.  It  is  the  most  ancient  volcanic  rock  found  in  the 
region,  and  is  probably  nearly  contemporaneous  with  the  schistose 
volcanics  dt^scribed  at  the   southern   end   of  the  Slate  Range.     It 


"U.  S.  Geog.  Surv.  W.  One  Hundredth  Mer.,  Vol.  Ill,  p.  142. 

''Notes  on  the  Geology  of  EaBtern  California:  Am.  Gej»l.,  Vol.  XVII,  IHftB,  p.  67. 

<•  Op.  cit.,  p.  124. 

rf  Am.  Geol.,  VoL  XVII,  189B,  pp.  66,  ISfi}. 

*  Ibid.,  p.  152. 
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underlies  the  early  Tertiary  nediments.  Mr.  (Tilbert/*  notes  that  at 
the  eastern  end  of  the  El  Paso  Mountains  there  is  a  large  mountain 
of  acidic  lavas,  inclosing  and  nearly  concealing  a  core  of  granite. 

Mr.  Gilbert  also  notes  that  the  El  Paso  Mountains  are  flanked  to 
the  south  by  basaltic  and  trachytic  rocks.  Mr.  Fairbanks*  describes 
andesites  as  occurring  freely  in  this  range.  The  trachytes  described 
by  Mr.  Gilbert  are  probably  the  andesites  of  Mr.  Fairbanks,  since 
trachytes,  as  now  underst.ood,  are  very  rare  in  this  region. 

STRUCTURE. 

Reasoning  from  the  tilting  of  the  earl}'  Tertiary  sediments,  Mr. 
Fairbanks  has  inferred  three  distinct  movements  of  Black  Mountain 
in  the  El  Paso  Range.  As  the  i-esult  of  these  movements,  the  Ter- 
tiary beds  have  been  elevated,  tilted,  and  extensivel}'  ei*oded. 

ORE   DEPOSITS. 

According  to  Mr.  Fairbanks,^  the  granite  of  the  El  Paso  Range  has 
been  in  different  places  mineralized,  and  contains  a  small  amount  of 
gold. 

THE  HILLS  FROM  RANDSBURG  EAST  TO  PILOT  KNOB. 

Forming  a  sort  of  continuation  of  the  El  Paso  Range  to  the  east  is 
a  series  of  low,  detached,  rounded,  or  level-toppcMl  hiittes,  connected 
by  low  ridges  or  Pleistocene  detriUil  slopes,  or  entirely  separated  by 
an  undulating  detritus-covered  desert.  These  hills  have  a  general 
east-west  trend. 

SEDIMENTARY   ROCKS. 
ARKOSES. 

On  the  north  slopes  of  Malapai  Mountain,  a])out  4  or  5  miles  north- 
east of  Johannesburg,  the  hornblende-pyroxen<»-aleutite,  which 
makes  up  the  higher  portion  of  the  mountain,  is  underlain  by 
banded  or  b*Hlded  rocks,  which  at  fii-st  have  the  aspect,  of  alteied  vol- 
canics,  but  which,  when  examined  mieroseopieally,  turn  out.  to  be 
arkoses  of  differen't  degrees  of  coai^seness.  Most  of  1  h(Mn  are  granitic, 
while  some  api)ear  to  be  in  i)art  derived  from  rhyolite.  Thes<»  arkoses 
probably  overlie  the  ancient  rhyolites.  They  are  firmly  consolidated, 
and  they  ma^^  l)elong  to  the  series  of  Eocene  st^diments  found  near 
here,  especially  in  the  El  Paso  Range  to  the  west,  and  on  tin*  east  in 
the  Leach  Point  Mountains. 

On  Pilot  Knob,  according  to  Mr.  Gill)ert,^  are  exposed  about  2,000 
feet  of  volcanic  products,  probably  tufTs,  ov(M'laiu  by  basaltic  lava. 
These  lie  ui>on  the  granite,  which  is  the  ])ase  of  the  knob. 


'P 


"U.  S.  OcoK.  Surv.  W.  One  Umidredth  M<t.,  Vol.  Ill,  p.  124 
''Am.  (J.-ol .  Vol.  XVII,  Mm,  p  «W. 

«n>ia.,  p.  1S2. 

rfOp.  cit.,  p.  124. 
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IGNEOUS   ROCKS. 

Thf  lower  portion  of  Pilot  Knob  is  of  siliceous  biotite-granite.  To 
the  south,  southeast,  and  west  this  same  body  of  granite  extends 
for  miles.  Many  of  the  numerous  small  hills,  which  emerge  from 
the  general  plateau  level  of  the  desert  area  of  granite,  ai*e  often 
capped  by  patches  of  basic  lava  or  stratified  Tertiary  sediments. 

All  the  hills  in  the  vicinity  of  liandsbiirg  and  Johannesburg  con- 
sist, of  ancient  sheared  rhyolites,  oft^n  considerably  decomposed.  • 
When  fresh,  the  rock  appears  to  l)e  a  biotite-rhyolite,  but  as  often  as 
not  the  biotite  lias  completely  disappeared  on  account  of  decomposi- 
tion, and  the  other  minerals,  notably  orthoclase,  have  also  become 
considembly  altered.  It  is  in  this  rock  that  the  gold-bearing  veins  of 
the  district  occur,  and  the  rhyolite  has  ])een  locally  altered  at  the  time 
of  the  introducticm  of  the  ores  so  as  to  become  a  semijasperoid,  and 
sometimes  even  pas.ses  into  vein  quartz  by  a  process  which  ai)pears  to 
l>e  chiefly  replacement. 

This  ancient  sheai*ed  rhvolite  resembles  the  sheared  volcanics  of 
the  southern  end  of  the  Slat<^  Range. 

The  greater  i)ortion  of  Malapai  Mountain  is  made  up  of  a  consider- 
able thickness  of  lava,  which  overlies  the  rhyolite  and  underlies 
basalt.  Its  intermediate  age  is  also  at  once  evident  from  its  appear- 
ance. A  numl)er  of  specimens  of  this  rock  have  been  studied  and 
show  it  to  be  i)robably  a  hm*nblende-pyroxene-biotite-aleutit<e.  This 
rock  has  no  apparent  banding,  and  has  a  great  variety  of  texture 
exposed  by  the  erosion  which  it  has  undergone. 

The  basaltic  rock  which  caps  Pilot  Knob  was  also  encount/CM-ed  just 
west  of  this  mountain.  The  specimen  taken  here  proves  to  ])e  a 
pyroxene-basalt,  evidently  l)elongiiig  to  the  same  general  series  as  the 
oli  vine-basalt  of  the  region.  In  the  l^rowns  Peak  region,  in  the  south- 
ern end  of  the  Panamint  Range,  the  same  basalt  occui's  in  a  number 
of  buttes,  capping  other  rocks. 

At  Johannesburg  a  dike  of  pyroxene-oli vine-diabase-porphyry  was 
found,  cutting  the  ancient  rhyolites.  Thip  dike  is  probably  to  be  cor- 
related with  the  bjisaltic  flows. 

The  succession  of  igneous  i*ocks  in  this  district,  therefore,  is,  so  far 
as  made  out,  biotite-granite,  biotite-rhyolite,  hornblende-pyroxene- 
biotite-aleutit-e,  pyroxene-basalt,  and  pyroxene-olivine-diabase-por- 
phyry. 

ORE  DEPOSITS. 

Gold-bearing  veins  are  veiy  numerous  in  the  ancient  rhyolite  in  the 
vicinity  of  Johannesburg  and  Randsbui^.  The  veins  generally  con- 
sist of  a  central  thin  seam  of  quartz,  flanked  above  and  below  by 
sheared,  silicified,  and  discolored  country  i*ock,  which  also  ma}^  carry 
cjuartz  nodules  or  segregations.  There  are  also  larger  veins  of  clearer 
bluish  quartz.     Certain  poi*tions  of  these  quartz  veins  and  altered 
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sheared  zones  carry  free  gold  in  such  quantities  as  t^  make  them  high- 
grade  ores.  The  schistosity  of  the  rocks  has  a  general  northejist  dip 
of  15°  and  20°,  and  the  veins  are  usually  conformable  to  this. 

SIERRA  NEVADA. 

Properly  speaking,  the  Sierra  Nevada  does  not  constitute  part  of 
the  present  study.  It  was  thought  best,  however,  t^)  include  the  east- 
.  em  edge  of  this  important  mountain  chain  so  as  to  show  its  relations 
to  the  region  lying  east  of  it.  For  the  sake  of  uniformity  a  few  brief 
descriptive  notes  will  be  given.  The  region  is,  geologically,  a  compli- 
cated one,  but  has  been  the  subject  of  a  great  amount  of  careful 
study  by  many  geologist.s,  while  the  Basin  region  has  been  left  almost 
untouched. 

As  a  topographic  feature  the  Sierra  Nevada  is  a  broad  range,  att>aiii- 
ing  considerable  elevation  and  having  many  well-defined  peaks.  Its 
eastern  face  constitutes  a  sharp  western  limit  to  the  interior  Basin 
region,  which  is  characterized  by  narrow  ridges  of  generally  less 
height,  with  flat  desert  valleys  between.  Unlike  the  Ba.sin  ranges, 
the  Sierra  Nevada  is  well  watered  and  wooded,  and  from  this  circum- 
stance has  derived  a  different  minor  tojwgraphy  from  that  of  the 
Basin  ranges. 

SEDIMENTARY   ROCKS. 

Mr.  Turner^  states  that  it  is  probable  that  tliere  are  in  the  Sierra 
Nevada  formations  ranging  in  age  from  Arcliean  or  Algonkian  to 
Recent.  The  rocks  have  been  strongly  affected  by  compression  of 
the  crust,  which  has  produced  close  folding  and  schistosity,  and  has 
frequently  obliterated  the  original  nature  and  age  of  tlio  sediments. 
In  different  x)arts  of  the  range,''  however,  the  great  sei*i(\s  of  auriferous 
slates  has  been  found  to  contain  Silurian,  Carboniferous,  Triassic,  and 
Jurassic  fossils.  The  superjacent  series  of  less  altered  rocks  consists 
of  strata  ranging  from  the  Upper  C/retaceous  througli  the  Tertiary. 
Large  portions  of  the  range  are  covered  with  aui-iferous  rivei*  gravels 
of  Neocene  age. 

Within  the  area  represented  by  the  maj)  accompanying  this  bulle- 
tin the  stratified  i^ocks  occupy  only  r<»stri<»t.cd  areas,  surrounded  by 
great  masses  of  granite. 

CAMBRIAN. 

Just  west  of  Mono  Lake  there  is  a  considerable  patch  of  quartzites 
and  schists,  mapped  by  Mr.  Turner^'  as  Paleozoic.  Mr.  Walcott^'  sub- 
se([uently  visited  these  rocks,  and  considers  them  identical  with  the 
Cambrian  seri<\s  of  tlie  Whit(*  Mountains.     Southward  from  here  a 


"Seventeenth  Ann.  Rept.  U.  S.  Geol.  Survey,  Pt.  I,  p.  TvU. 
''H.  W.  Turner:  Fourteenth  Ann.  Rej)!.  U.  S.  Oeol.  Surv.«y.  Pt.  11.  p  415. 
«S«>vente«'nth  Ann.  Rept.  U.  S.  Geol.  Survey,  Pt.  I,  PI.  X  VIII. 
iiPortMiual  eommunicatiun  to  the  writer. 


8PURR.]  81EBRA    NEVADA.  219 

short  distance,  on  the  North  Fork  of  San  Joaquin  River,  is  an  area  of 
similar  rocks,  accordinj^  to  Mr.  Turner.  Still  farther  southeast,  not 
far  from  Big  Pine,  in  Owens  Valley,  Mr.  Walcottiound  small  pat<3hes 
of  Cambrian,  and  considers  that  these  separate  occurrences  may 
belong  to  a  single  belt. 

CARBONIFEROUS. 

On  the  extreme  western  edge  of  the  map,  northeast  from  Mariposa, 
is  an  area  of  Carbon  if  ei'ous  rocks  which  has  been  studied  bv  Mr. 
Turner. 

TRIASSIC. 

Northwest  of  Owens  Lake,  on  the  eastern  flanks  of  the  Sierra 
Nevada,  is  an  area  of  Triassic  beds,  consisting  mainly  of  ancient 
lavas  and  tuflfs,  similar  to  the  Triassic  rocks  of  the  White  Mountains 
on  the  other  side  of  the  vallc}*. 

Some  distance  south  of  here  the  region  around  Owens  Peak  con- 
sists of  rocks  similar  to  the  Triassic  formations  just  described.*  No 
fossils  were  found  in  this  region. 

Just  east  of  Silver  City,  which  is  southeast  of  Lake  Tahoe,  Mr. 
Turner  has  mapped  several  small  expo-sui-es  of  sedimentar}''  rock. 
In  his  reconnaissance  map"  these  areas  are  mapped  as  doubtful 
Juratrias. 

JURASSIC. 

A  long  tongue  of  the  Jurassic  rocks  which  occur  at  Mariposa  comes 
into  the  map  at  its  extreme  western  end. 

IGNEOUS  KOCKS. 

The  Sierra  Nevada  contains  enormous  quantities  of  igneous  rocks, 
botli  coarse  and  fine  grained,  and  both  surface  flows  and  plutonic 
and  dike  masses.  According  to  Mr.  Turner,*  the  coarse-grained 
rocks  consist  mostly  of  granite  and  granodiorite,  with  diorites,  gabbro, 
etc.,  while  the  abundant  Tertiary  lavas  consist  of  andesite,  rhyolite, 
and  basalt. 

In  the  area  covered  by  the  map  accompan)ung  this  bulletin  (PI.  I) 
the  gi'eater  part  of  the  Siernis  consist  of  coarse,  granular,  igneous 
rocks,  among  which  granite  and  granitic  rocks  occupy  the  chief  i)lace. 

Overlying  the  ancient  granites,  within  the  limit  of  this  map,  come 
o(*casional  areas  of  Tertiary  lavas.  Mr.  Turner  has  kindly  supplied 
the  writ<»r  with  notes  concerning  two  of  these  regions,  one  of  wiiich  is 
in  the  iieighborhocwl  of  Silver  City  and  the  other  at  the  extreme 
southern  end  of  the  range,  just  north  of  the  cut  of  the  Southern 
Pacific  Railway,  ])etween  Tehachapi  and  Mojave.  At  the  first-named 
locality  Mr.  Turner  obseri^ed  atone  i)oint  a  thickness  of  half  a  mile  of 
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volcanic  lavas  and  tuffs.  The  lava»s  occupy  several  separated  areas, 
and  in  them  occur  the  ore  <leposit8  of  the  I'ejrion.  In  the  second 
locality  Tertiary  lavas  with  Tertiary  sediments  make  up  the  southem 
flanks  of  the  range. 

On  the  flanks  of  the  range,  about  Fish  Springs,  are  flows  of  basalt, 
described  by  Mr.  W.  A.  Goodyear.^  Mr.  II.  W.  Fairbanks*  suggests 
that  these  ma}'  be  of  the  same  age  as  the  basalts  of  the  Coso  Range. 
According  to  Mr.  Fairbanks,  also,  '*andesit^  covers  a  great  stretch  of 
country  about  the  head  of  Owens  River,  forming  the  crest  of  the 
Sierra  Nevada  "between  it  and  the  head  of  the  North  Fork  of  the  San 
Joa<iuin  River." 

STRUCTURE. 

It  has  been  recognized,  from  the  evidence  which  theMesozoic  strata 
of  the  Sierra  Nevada  offer,  that  the  folding  of  the  range  was  initiated 
at  the  close  of  Jurassic  time,  after  the  Mariposa  beds  were  deposited.* 
During  the  period  which  succeeded  this  Jurassic  movement  erosion 
produced  great  changes,  and  gradually  brought  about  the  formation 
of  a  topography  of  little  relief,  the  mountains  being  low,  the  valleys 
broad,  and  the  streams  sluggish.  This  period  appears  to  have  reached 
its  maximum  during  the  Miocene.^  Subsequent  to  the  development 
of  this  style  of  topography  there  was  a  general  disturbance  which 
brought  about  the  acceleration  of  the  streams  and  the  cutting  of  deep 
valleys,  leaving  high  ridges  between.  This  disturbance  apparently 
consisted  in  part  of  differential  movement,  but  tJiero  are  evidences  that 
the  whole  mass  of  the  Sierra  was  uplifted  at  least  4, (KM)  feet,  and  possi- 
bly as  much  as  7,000  feet.*  Mr.  Turner/  conehules,  from  the  fact 
that  the  Neocene  Gulf  deposits,  at  the  very  w<\st  edge  of  the  range, 
have  l)een  elevated  at  least  1,0(X)  fe^^t  above  their  original  position, 
that  the  mountains  were  uplifted  as  a  whole,  an<l  not  by  a  tilt  to  the 
westwani,  for  in  the  latter  case  the  west  edge  of  th<^  block  so  tilted 
would  remain  approxinmtely  at  its  original  <»levation. 

During  the  latter  part  of  the  time  that  the  Sierra  Nevada  region 
was  being  worn  down,  a  great  series  of  auriferous  grav(»ls  was  depos- 
ited by  the  sluggisli  streams.  Tliese  gravels,  after  the  uplift  and  the 
acceleration  of  the  drainage,  remained  often  in  the  higliest  parts  of 
the  range  and  in  the  regions  between  the  present  rivcM*  valleys,  especi- 
ally where  protected  by  later  cappings  of  lava. 

The  eastern  face  of  the  Sierra,  for  a  distance  of  several  hundred 
miles,  is  very  steep,  contrasting  strongly  witli  tin*  comparatively 
uniform  and  gentle  slope  on  the  west.  The  earliest,  observers  saw  in 
this  a  pro])able  fault  scarp.     Mr.  Clarence  King^  was  one  of  the  first 
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of  these,  and  the  hypothesis  has  been  accepted  by  nearly  all  succeed- 
ing geologists. 

The  observations  most  in  favor  of  the  existence  of  a  fault  are  those 
of  high  gravels  on  the  very  summits  of  the  mountains  above  the  steep 
eastern  scarp.  Mr.  Diller*  has  noted,  at  the  northern  end  of  the 
range,  that  these  gravels  are  displaced  by  a  fault  having  about  3,000 
feet  vertical  displacement,  which  extends  along  the  eastern  face  of  the 
range.  Mr.  Russell*  also  found  water- worn  gravels  on  the  top  of  the 
range  to  the  west  of  Mono  Lake,  at  an  altitude  of  al)out  11,500  feet. 
Mr.  Turner <^  found  well-rounded  pebbles  on  the  main  summit  of  the 
range  a  few  miles  northwest  of  Tower  Peak,  at  an  elevation  of  over 
0,000  feet.  Mr.  Turner  observes  that  these  gravel  patches  along  the 
crest  of  the  range  undoubtedly  represent  I'emnants  of  Neocene  river 
beds,  now  almost  entirely  eroded. 

The  writer  does  not  know  of  any  case  where  actual  faulting  has 
l)een  proved  by  displacement  of  rocks,  unless  it  is  the  case  of  the  dis- 
placement of  recent  lavas  along,  the  crest  north  of  Honey  Lake, 
(lescril)ed  by  Mr.  Diller.^  Even  in  many  of  the  instances  where  river 
gravels  have  l)een  found  at  the  summit  of  the  range,  it  is  possible 
that  some  other  hypothesis  may  l>e  found  to  explain  their  presence,  as 
well  as  that  of  faulting.  Along  most  of  the  range  the  rocks  of  the 
Sierra  Nevjvda  scarp  do  not  stop  abruptly,  but  are  found  in  the  ranges 
lying  next  east.  The  eastern  face  of  the  range  is  nob  the  l)oundary 
between  the  granites  on  the  west  and  the  volcanics  on  the  east, 
as  supposed  by  Russell.*^  In  the  White  Mountain,  Pine  Nut,  and 
other  ranges  lying  next  east  of  the  Sierra,  granitic  rocks  are  found 
forming  the  core,  and  also  in  some  of  the  ranges  farther  east, 
growing,  however,  continually  lower  until  no  longer  exposed  by 
erosion. 

Mr.  King/  considered  that  the  fault  along  the  eastern  scarp  was 
formed  either  within  the  Eocene  or  at  the  close  of  Eocene  time,  since 
it  evidentl}'^  existed  Ix^fore  the  formation  of  the  Miocene  Piute 
Lake,  which  was  an  inclosed  inland  body  of  water  and  was  shut 
off  from  the  sea  by  the  barrier  of  the  Sierra.  On  the  other  hand, 
Mr.  Diller^  considered  that  the  fault  along  the  eastern  scarp  must 
have  been  formed  very  recently,  in  post-Tertiary  time,  since  the  Ter- 
tiary river  gravels  and  most  of  the  volcanics  are  displaced.  South 
from  the  area  observed  by  Mr.  Diller,  however,  Mr.  Lindgren'^  found 
that  the  eastern  slope  of  the  range  was  formed  l>efore  the  eruption 
of  the  andesitic  lavas. 
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Since  writing  the  alwvo  the  writer  lias  obtaine<l  tJie  following  addi- 
tional information.: 

On  the  east  front  of  the  SieiTa,  l>etween  Caraon  and  Markleeville, 
Mr.  Lindgren  has  found  evidence  of  recent  faulting  along  the  base  of 
the  mountains.  Near  (ienoa,  Pleistocene  alluvial  deposits  are  dis- 
placeil  some  40  feet  by  this  fault.  Another  point  is  the  l>ehavior  of 
the  Carson  River,  which,  on  emerging  from  the  mountains,  increases 
its  grade  abruptly,  suggesting  comparatively  recent  dislocation  of  its 
valley.  Mr.  Lindgren  believes  that  the  fii'st  dislocation  along  the 
eastern  face  of  the  Sierra  Nevada  took  place  at  the  close  of  the  Creta- 
ceous and  that  movement  has  continued  at  intervals  down  to  the 
present  day.  The  faulting  was  not  simple,  but  complex.  A  number 
of  more  or  less  parallel  faults  may  be  distinguished  within  a  l>elt  25 
miles  wide." 
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Grapevine  Range,  Cal 188,189 

Humboldt  Range 60 

Las  Vegas  Range 166-157 

Long  Valley  Range 66-»56 

Meadow  Valley  Range 140, 149-150 

Mormon  Range 134-135, 140 

Muddy  Range 137 

Pahranagat  Range 163 

Panamint  Range,  Cal 202 

l*ancake  Range 77-78 

l^non  Range 88 

Schell  Creek  Range 39,40, 43-44 

Sierra  Nevada 218,219 

Snake  Range 31-34 

south  of  Spring  Mountain 180, 181 

Spring  Mountain  Range 165-173 

Toyabe  Range 91, 96 

Virgin  Range 131-132 

White  Mountain  Range,  Cal 208 

White  Pine  Range 63-66 

iSreaMo  Mississippian;  Paleozoic. 

Carson,  geology  of  region 124 

C-arson  River,  geology  of  valley  of 121 

Cedar  Range,  geology  of 36-37 

Charleston  Peak  and  Canyon,  geology  of . .      167 

223 


224 


INDEX. 


FligQ. 

Cherry  Creek,  dikes  near 53 

geolosry  of 49 

geologic  structure  near 74 

Chihuahua  Canyon,  geology  of 82 

Chokup  Pass,  geology  of 83-W 

Chuar  formation,  deHcribed 18,  W 

occurrence  of 133 

Clarkfl  Peak  Mountains,  Cal.,  geology  of . . .      200 

Cloverdale,  topography  of 94 

Clover  Valley  Mountains,  geology  of 36-;n 

Coal  Burners  Mountain,  geologic  structure 

of 65 

situation  of 77 

Coal,  El  Paso  Range,  C«l 215 

impure,  in  Pancake  Range 81 

Muddy  (>eek 137 

Colorado  Plateau,  geology  ot 172, 173 

Colorado  Range,  geology  of 1:^H-139 

Colorado  River,  geology  of  canyon  and  val- 
ley    131-134 

Comstock  lode,  situation  of 129 

Copper.  Aiu(tin  region 97 

,    Belmont  regrion 93 

Ellsworth  region 103 

Excelsior  Range 113 

MIneralCIty 54 

Opal  or  Clarks  Peak  Mountains,  Cal 200 

Panamint  Range,  Cal 205 

Coso  Range,  Cal.,  geology  of 214 

Cottonwood  Spring,  geology  of 1G8, 

170,173,177,178 
Cretaceous.    tSfe  aim  McMozoic. 
Cretaceous,  Upper,  rocks  in  Siorm  Nevada.      218 

Dalzell  Canyon,  geology  of 1 18. 1 19, 126 

Darwin  Range,  (>al..  geolog>'  ol 212 

Dayton,  geology  of  region 120-124 

Death  Valley,  topography  and  geology  of . .     187, 

190, 191, 19:},  194,201-203 

Deep  Creek  Mountains,  geology  of 29 

Deep  ('reek  Valley,  geology  of 34 

Delamar,  geology  of  region 149 

Desert  Creek,  geology  of  region 127, 128 

Desert  Mountains,  geology  of 106 

Desert  Range,  geology  of 160-161 

Desatoya  Range,  geology  of 102 

Devonian  rocks,  in  Antelope  Range 37 

Clarks  Peak  Mountains.  Cal 200 

Colorado  Canyon i:« 

Desert  Range 161 

Diamond  Range 82 

Egan  Range 49-51 

Funeral  Range,  Cal 188 

Golden  Gate  Range 58 

Grant  Range 71-72 

Grapevine  Range,  Cal ^ 188 

Hiko  liange 152 

Humboldt  Range GO 

Kingston  Range,  Cal 197-198 

1,418  Vegas  RnnKC ir)6 

Long  Valley  Range 56 

Pahranugat  Range I'la 

PahrcM'  RaiiKe 1 52 

Pancake  KaiiKe 78 

IMfti.n  KaiiKO 88 

Quinii  ranyon  Range 71-72 

Sehell  Creek  Range 41,  i:> 
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Devonian  rocks,  in  Toyabe  Range 95 

Wahweah  Range 90 

White  Pine  Range 63 

i<fe  aUo  Paleozoic. 

Diamond  Peak,  geologric  Ntructure  of 83 

Diamond  Peak  quartzite,  described 18 

Diamond  Range,  geology  of 81-84 

Dikes.    See  also  Igneous  rocks. 

Dikes,  In  Egan  Range 53 

Ellsworth  Range 102 

Highland  R  inge 44 

Sehell  Creek  Range 35 

Snake  Range 35 

To«iuima  Range 92 

I>ome,  The,  geologic  structure  of 97 

Downieville,  geology  of  region 100, 102, 103 

Dutton,  C.E..  eite<l 131 

Egan  Range,  geology  of 47-54 

Eldorado  Canyon,  geology  of 121 ,  123 

Eldorado  Range,  geology  of 139 

Ellsworth  Range,  geology  of 99-108 

El  Paso  Range,  Cal. ,  geology  of 214-216 

Ely,  topography  of 47 

Ely  Range,  geology  of 42 

Emmons,  S.  F.,  eite<l 101 

Eocenerocks.  in  Burnt  Roek  Mountains.Cal.      206 

Excelxior  Range Ill 

Leach  Point  Mountains,  Cal 206 

.^ca/w  Tertiary. 

Esmeralda  fonnation,  dexeribed 19 

oecurn»nce  of 106,  111,  112, 1 14, 199, 202 

Eureka,  geology  of  district &4 

Eureka  (]uartzite,  descrilKnl 19 

occurrence  of .31,  ;12, 49, 86, 202 

Excelsior  Flat,  geology  of 110 

Excelsior  Range,  geology  of lin)-113 

Faulting,    .'vr  .structure,  j;eolo«;ic. 

Fault,  McisHors,  define<l ir»3 

Folding,    .'vr  Structure,  geoloKi**. 

Ffwisil  Butte,  geology  of 152 

Fossils,    Cambrian,    of     White     Mountain 

Range,  gri'at  age  oi 207 

FosNils,  Cambrian,  list  of,  Kgan  Raiigt;...   .        48 

list  of,  Snake  Riinge 31 

oci'urrence  <»f.  Desert  RaiiKc 161 

(JmiH'vine  RaiiKC,  Cal 201 

Kingston  Rjiiigc,  Cal 197 

\a\h  Vegas  Rji ii^e 156, 156 

Sehell  Creek  linUKv :W,41,42 

Sil  ver  Pea k  R^iukc 1H4, 185 

Spring  Mountain  Kaiim' I(i5 

Timpahute  R^inge 159 

White  Mountain  Ruiikc.  Cal 207 

Fossils,  Carboniferous,  list  «»f,  (J runt  Range.        72 
list  of,  Humboldt  Range,  near  Fremont 

Pass 60 

Sehell  Creek  Range 44-45 

White  Mountain  Kangr,  Cal 208 

oeeurrein'cof,  Cautlelaria  M«>uiitaiiis...       114 

C«»ttonw«KKl  Canyon,  Cnl 202 

Desert  Kaiige 161 

Highlan<l  Kaiiige 45 

Din  Vegas  KaiiLT"' 157 

S<'licll  rrvi'k  KaiiLTO :» 

Snake  Range 28,29 

ToyalH'  liiiiige 91.95 
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Fas.«*ils,  Carboniferous.  Lower,  list  of,  Eg&n 

Range 51 

list  of,  Spring  Mountain  Range. . .  1G6-169, 172 

occurrence  of,  Las  Vegas  Range  157 

Fossils.  Carboniferous,  Upper,  list  of.  Dia- 
mond Range 8*2 

list  of.  Egan  Range 61 

liOng  Valley  Range 55-56 

Meadow  Valley  Canyon 134 

Meadow  Valley  Range 149, 150 

Pancake  Range 78 

Snake  Range 32, 33 

south  of  Spring  Mountain 180 

White  Pine  Range 63-ft4 

occurrence  of.  Las  Vegas  Range 156, 157 

Pleasant  Valley  (near) 33 

Snake  Range 29, 32, 33 

Spring  Mountain  Range 167, 170-172 

Fossils,  Cretact»ous,  Excelsior  Range 109 

Fossils,  Devonian,  list  of.  Diamond  Range. .        83 

list  of,  Egan  Range 50 

Golden  Gate  Range 58 

Highland  Range 43 

Kingston  Range,  Cal 197 

of'currence  of,  Desert  Range 161 

Las  Vegas  Range 156 

Pyramid  Peak.  Cal 188 

Quinn    Canyon     Range,  or   Grant 

Range 71 

Fossils.  Eocene,  occurrenceof,  El  Paso  Range, 

Cal 215 

occurrence  of,  Monte  Cristo  Mountains.      106 
Fossils,  fresh  water,  occurrence  of,  Monte 

Cristo  Mountains 105-106 

FossilM,   Jurassic,    occurrence    of.   Muddy 

Creek 137 

()C<'urrence  of,  Spring  Mountain  Range.      173 
Fossils.    Miocene,    occurrence    of,    Monte 

Cristo  Mountains 106 

Fossils,  Ordovician.  list  of,  Golden   Gate 

Range 58 

li.st  of.  (Jrant  Range 71 

Hot  Creek 85 

Humboldt  Range 61 

Quinn  Canyon  Range 70-71 

Schell  Creek  Range 42, 43 

Snake  Range 30, 81, 33 

(Kjcurrence  of.  Antelope  Range 37 

Desert  Range 160, 161 

Las  Vegas  Range 156 

Snake  Range 33 

T>bo 86 

White  Pine  Range,  near  Hamilton .        63 
Fossils,   Permian,  list   of.   Hamels    Peak, 

Egan  Range 52 

occurrence  of.  Spring  Mountain  Range.     171, 

172,174 
Fossils.  Silurian.  Sttcalno  Fossils. Ordovician. 
Fossils,  Silurian,  list  of.  Hot  Creek  Range. .       86 
list  of,  Quinn  Canyon  Range  and  Grant 

Range 71 

0(;currence  of.  Fossil  Butte 152 

Grapevine  Peak,  Cal 188^ 

Pahrenagat  Range 153« 

Panamint  Range,  Cal 202'' 

Toyabe  Range 94, 95 

Bull.  208—03 15 
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Fossils,    Silurian,    occurrence    of.    White 

Mountain  Range,  Cal 208 

Fossils,  Tertiary,  occurrence  of.  Excelsior 

Range 109 

occurrence  of.  Monte  Cristo  Mountains.      106 
Fos8ils,TrIas8ic.  occurrenceof,  Good  Spring.      174 
occurrenceof,  White  Mountain  Range, 

Cal 208,209 

Pine  Nut  Range 1*28 

Funeral  Range.  Cal.,  geolc^ry  of 187-194 

(tabbs  Valley  Range,  geology  of 107-109 

Geologic  section.    See  Section,  ge<ilogic. 
Geologic  structure.    S?r  Structure,  geologic. 

(Jold,  Cherry  Creek 54 

Darwin  or  Argus  Range,  Cal 218 

El  Paso  Range,  Cal 216 

Johannesburg  and  Rand  burg  region. 

Cal 217-218 

Keystone  Mine 174 

Mineral  City,  Nev ,.       54 

Osceola,  Nev 36 

Postofficc  Springs,  Cal 205 

Sierra  Nevada  region 220 

Silver  Peak  Range 186 

Spring  Mountain  Range 174 

White  Mountain  Range.  Cal 211 

Golden  Gate  Range,  geology  of 57-59, 74, 75 

Gold  Mountain,  Cal.,  geology  of 187 

Good  Spring,  geology  of 171 ,  174, 178, 179 

Grand  Canyon  of  the  Colorado,  geology 

of ! 133-184,172,173 

Grand  Canyon  group,  described 18, 19 

Grand  Wash,  geology  of . . : 131, 132 

Grant  Range,  geology  of 68-76 

sketch  sections  of 74, 75 

Grapevine  Range.  Cal.,  geology  of...  187-194.201 

Hackberry  Canyon,  gecjlogy  of 141, 144, 147 

Hamburg  limestone  and  shale,  descrilxnl . .        19 

occurrence  of 63 

Hamels  Peak,  fossils  from 52 

Hamilton,  ores  in  region  of 68 

Hawthorne,  geology  of  region 115 

Highland  Range,  geology  of 38-47 

Hiko  Range.  geologi<'al  structure  of 75 

geology  of 152-153 

Hot  Creek  Canyon,  geology  of 87 

Hot  Creek  Rangt>,  geology  of 84-88 

Humboldt  formation,  described 19 

occurrence  of 78 

Humboldt  Range,  geology  of 59-61 

Igneous  rocks,  in  Antelope  Range 37-38 

Burnt  Rock  Mountains 206 

Candelaria  Mountains 1 14 

Coso  Range,  Cal 214 

Darwin  or  Argus  Range,  Cal 212 

Desert  Mountains 106 

Diamond  Range 83-W 

Egan  Range 52-53 

Ellsworth  Range 102 

El  Pa.so  Range,  Cal 215 

Excelsior  Range 112 

Funeral  Range 192 

Gabbs  Valley 108 

Golden  Gate  Range 58 

Grant  Range 73 

Grapevine  Range,  Cal 192 
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Igneous  rocks,  in  Hiko  Range 152 

Hot  Creek  Range 87 

Humboldt  Range 61 

Kawich  Range 181 

Kingston  Range.  Cal 199 

Leach  Point  Mountains,  Cal 206 

Lone  Mountain 184 

Long  Valley  Range 56 

Meadow  Valley  Canyon 141, 147 

Meadow  Valley  Range 150 

Monte  Crlsto  Mountains 106 

Monitor  Range 89 

Mormon  Range 136 

Muddy  Range 137,138 

Pahranagat  Range 154 

Pahroc  Range 151 

Panamint  Range,  Cal 201-204 

Pancake  Range 79 

Pilot  Mountains 106 

I»i)ot  Knob  to  Randsburg.  Cal 217 

Pine  Nut  Range 120-122 

Pifion  Range 88 

Quinn  Canyon  Range 72-73 

RaLston  Desert 182-183 

Reese  River  Range 99 

Reveille  Range 163 

Schell  Creek  Range 44 

Sierra  Nevada   219 

Silver  Peak  Range 186 

Slate  Range.  Cal 213-214 

Smith  Valley  Range 118 

Snake  Range 35 

Spring  Mountain  Range 174-175 

Sweetwater  Range r26-12J< 

Timpahute  RanKe 159 

Toquiinti  Range 92 

Toyabe  Range 95-9t»  ; 

Virgin  Range 131.132  | 

Virginia  Range 129-130 

Wah  weah  Range 90 

White  Mount^iin  Range,  Cal 208.210-211   ■ 

Walker  River  Range 115-116 

White  Pine  Range 65 

Worthington  Mountains 76 

Indian  Spring,  gi^ology  of  region 16.V167.  IH) 

lone,  geology  of  region 9y 

Iron,  Austin  region y7 

Belmout  region 93 

J  eff  I  )u  v  i  s  Pea  k .    Sec  W  h  eel  er  I  'ea  k . 

Juras.«ic  rwkf .  in  Pilot  Mountains 101 

Sierra  Nevada I'ly.  219 

*fpring  Mountain  Range 161^171 .  173. 174 

S(c  iilikf  Mesozoic. 

Kawich  Kungf,  g<.'<.)logy  of Isi 

Kern  Mountains, geology  of 2<;. 2y, :i*>.  36 

topograpiiic  situation  of 25 

King,  Clarence,  cited loi 

Kinusion  Range.  Cal. .  gcolo^'v  of 19^>-J()0 

Koipato  fonnation,  deseribt-*! 19 

oi'currence  of 101 ,  '2W 

l^ike  Bonneville  ( IMoistoccnc) 31.  :i'» 

Ljikf  Ijihonian  t;  Pki<«tocenc) .  tracc>  of 1  ir»- 

117,  IJl 

Lakt- M<»no,  fonner  height  of JIO  "f 

Lftkf  Sh(»shuiie   (I'li«K't'nr  i.  so«linH.iits   of. 

in  S<Mhi  SprinK-'  Valley 101 

•-r<liiin'ni<.  of.  ill  silver  I'rak  Kaiiir«.' 1*^0 
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Lake  Shoshone  (Pliocene),  sediments  of,  in 

White  Mountain  Range 209 

extent  of 209-210 

Lake,  former,  in  Ralston  Desert 183 

near  Sweetwater  Range 128, 129 

Lake,  Pleistocene,  in  Gabbs  Valley 107, 108 

Grapevine  and  Funeral  ranges,  C-al..  191,194 

Ralston  Desert 183 

Little  Smoky  and  White  Pine  valleys..        79 
Lake,  Pliocene,  in  vicinity  of  Carson  . . .    124, 125 

Meadow  Valley 148 

Pancake  Range 72 

west  of  Quinn  Canyon  Range 72 

White  Mountain  Range 209, 210 

Lake,  Ternary,  in  Amargosa  Valley,  Cal. . .      196 

near  Grapevine  Range,  Cal 190 

Las  Vegas  Range,  geology  of 155 

Lava.    See  Igneous  rocks. 

Leach  Point  Mountains.  Cal.,  geology  of.  206-206 

Lead,  Austin  region 97 

Belmont  region 93 

Darwin  or  Argus  Range,  Cal 213 

Hamilton  district 68 

Mineral  City 54 

Spring  Mountain  Range 180 

White  Mountain  Range,  Cal 211 

Lone  Mountain,  geology  of 183-184 

Lone  Mountain  limestone,  described 20 

occurrence  of 31, 32, 37, 49 

Long  Valley  Range,  geology  of 54-57 

Manganese,  black  oxide  of,  near  Hamilton .       68 

Mason  Butte,  geology  of 116 

Mastodon,  teeth  and  I)ones  of.  Las  Vegas 

Range 157 

Meadow  Valley  Canyon,  geology  (»f 134-136, 

139-148 

Meadow  Valley  Range,  geology  of 148 

Mciozoic  ruck.s  in  Excelsior  Range 110-111 

Kingston  Range,  Cal 198 

Muddy  Range H7 

Pilot  Mountain  1U3-101 

Snake  Range 3:i-i>4 

Spring  Mountain  Range 169, 172-1  ."4 

.S:t  «/«"*  Cretaceous;  Junissic;  Trias- 
si  e. 

Mesquite  Valley,  Cal.,  geology  of 2U2, 204 

Mineml  ('iiy,  mines  at ol 

Mioeene  rocks,  in  Kxcelsior  Range HI 

Sic  a/v'o  Tertiary. 
Mississippian  rocks,   in    Spring    Mountain 

Range 167 

.*y  I  <ili><>  Carboniferi»u>. 

Mokeanioke  Ridge,  geology  of 6J-4i,s 

Monitor  Range,  geology  of .'^J 

Mono  Lake,  geology  ol  region I'lS 

fonner  extent  of 210 

Monte  Cristo  Mountains,  geoloj^y  of lO-Vloc 

M(»ruion  Canyon,  geoloj.jy  (.f 141-145 

Mormon  Range,  geology  of 131-136 

Mountain  spring,  geology  of  rei,'i<Mi 169. 177 

MmUly  Kunge.  geology  of 1;>(>-1;> 

Mud  Si»ring.  geology  of  regicii 160 

Mule  Spring,  geology  of  region ITo,  176, 177 

Ne<K-ene  gravels,  in  Sierra  Ne\a»bi 21^ 

Ntva'la  limestone,  de>cril>e«l 20 

occurrence  of 37.  S3 

Newark  M(»untain.  geologic  structure  (>i ...        so 
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Niagara  formation,  occurrence  of 86 

Ogden  quartzlle,  described 20 

Opal  Mountains,  Cal.,  geology  of 200 

Ophir  Canyon,  geologic  structure  of % 

Ordovician  rocks,  in  Antelope  Range 37 

Desert  Range 160, 161 

Golden  Gate  Range 58 

Grant  R*inge 70-71 

Hot  Creek  Range 85-86 

Humboldt  Range 61 

Las  Vegas  Range 156 

Pifioii  Range 88 

Quinn  Canyon  Range 70-71 

Snake  Range 83, 34 

White  Mountain  Range,  Cal 208 

S€e  atw  Paleozoic:  Silurian. 

Ores,  Ellsworth  Range 103 

Eureka  district 84 

Hot  Creek  Range 87 

Reveille  region 163 

Timi>ahute  Range 160 

Toyabe  Range 97 

.Set'  aho  Copper,  (»ol(l.  etc. 

0><*eola.  ge<)logy  of 27-30 

gold  at 36 

Owens  I^ke.  Cal.,  geolc^y  of  region..  210,211,219 

Pahranagat  Range,  geology  of 153-15^4 

Pahnwt  Range,  geology  of 151-1.S2 

Pah-rte  Lake,  luse  of  name 22 

Painted  Mesa,  geologj' of  117 

Paleozoic  nxrks.  in  Darwin  or  Argus  Range, 

Cal 212 

El  PiL'io  Range,  Cal 214 

Mcmlow  Valley  Canyon 140, 143, 145 

Meadow  Valley  Range 150 

Muddy  Range 137 

Panamint  Range,  Cal 201 

Reveille  Range 162 

J^late  Range,  Cal 213 

Sfe  aho  Carboniferous;   Devonian; 
Ordovician;   Permian;  Silurian. 

Pana(,'a,  geology  of  region 143 

Paiiauiint  Range,  Cal.,  geology  of 200-205 

Pancake  Range,  geology  of 77-81 

Patterson,  geology  of "...        40 

Pcnn.sylvanian  rocks  in  Spring  Mountain 

Range 167, 172 

Permian  n>cks,  in  Spring  Mountain  Range.     171, 

172,174 
Sf^f  nl»)  Paleozoic. 

Pilot  Knob,  Cal.,  geolog>'  of 21t>-218 

ril(»t  Mountains,  geology  of 10CM05 

Pine  Nut  Range,  geologA*  of 120-126 

IMfion  Range,  geology  of 8^90 

Pioche.  geology  of  region 41, 42 

geologic  structure  at 46 

Pleasant  Valley,  geology  of 29, 33-35 

Pleist«x*ene  Ltike.    S^r.  Lake,   PIeisti>cene; 
Lake  Bonne\ille:  Lake  Lahon- 
tan. 
Pleistocene  rocks,  in  Funeral  Range,  Cal..      191 

Gabbs  Valley 108 

Golden  Gate  Range 57 

Gnint  Range 72 

(Grapevine  Range,  Cal 191 

Las  Vegas  Range 157 
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Pleistoi^ene  rocks,  in  Meadow  Valley  Can- 
yon    1 4tV-147 

Panamint  Range.  Cal 203 

Pancake  Range 78, 79 

I*ine  Nut  Range 124 

Quinn  Canyon  Rtmge 72 

Ralston  Desert , . . .      183 

Smith  Valley  Range 118, 119 

Snake  Range J4 

Toquima  Rtmge 91 

Walker  River  Range 116-1 17 

White  MounUiin  Range.  Cal 209 

Pliocene  lake.    See  Lake,  Pliocene:    Lake 

Shoshone. 
Pliocene  n)cks,  in  Candelaria  Mountains . .      1 14 

Excelsior  Range. Ill 

Grant  Range 72 

Humboldt  Range 60 

Meadow  Valley  Canyon 143-146 

Meadow  Valley  Ranjje '. . . .      150 

Mormon  Range 135 

Pancake  Range 78 

Pilot  Mountains 104-105 

Pine  Nut  Range 123-125 

Quinn  Canyon  Range 72 

Silver  Peak  Range 185 

Smith  Valley  Range 1  is-l>0 

Snake  Range 34 

Sweetwater  Range 128 

Virgin  Range 131-132 

Walker  River  Range 117 

White  Mountain  Range.  Cal 209-210 

St:c  also  Tertiary. 

Pogonip  Mountain,  geology  of 62-68 

giHilogic  section  of 63 

Pogonip  formation,  described 21 

o<;cu  rrence  of. .  40, 42, 48, 49, 58, 8:1.  k6,  91 ,  152. 202 
I^rospiH't  Mountain  limestone  and  (j[uartzite, 

described 21 

Quartz  I'eak,  geology  of 153 

Quinn  Cunyon  Range,  geology  of 68-76 

sketch  section  of 74 

RailrrjAd  Paw,  geologic  structure  of 83 

Railroad  Valley,  geology  of 58 

Ralston  Desert,  geology  of . . ." lMl-183 

Randsburg,  Cal.,  geology  of  hills  cast  of . . .      216 

Ravens  Nest,  gei>logic  structure  at 89 

Red  Wall  limestone.  de8<'ril>ed 21 

occurrence  of m,  l:«,  134, 172 

Reese  River  Range,  geol<>gy  of 98-99 

Reveille  Range,  geology  of 161-163 

Ruby  Group  of  Mountains,  use  of  name 56 

Salt,  surface  bed  of, at  Furnace  Creek,  Cal.      191 

Saratoga  Springs,  Cal.,  geology  of 187 

Schellboume,  geology  of 44,  4'J 

Schell  Creek  Range,  geology  of 38-47 

Scissors  fault,  defined 153 

Secret  Canyon  shale,  descril»ed 22 

Section,  geologic,  at  Big  Pine.  Cal 207 

Cottonwood  spring 168, 177 

Diamond  Range 83 

Good  Spring 171 ,  174 

Grand  Canycn  and  Spring  Mountain. 

correlation  of 178 

Hot  Creek 85 

near  Indian  Springs 167 

Kingsttm  Range,  Cal 19<i,  197 
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8('Cti(>n,geologic,  at  M  eadow  Val  ley  Can  yon      1 48 
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THE  GEOLOGY  OF  ASCUTNEY  MOUNTAIN,  VERMONT. 


By  R.  A.  Daly. 


INTRODUCTION. 

Noiwre  of  the  investigation. — The  following  pages  embody  the  results 
of  an  investigation  of  the  lithology  and  geology  of  a  plexus  of  eruptive 
rocks  and  of  the  metamorphic  aureole  in  schistose  rocks  surrounding 
the  igneous  bodies.  The  field  work  was  begun  in  1893,  Imt  numerous 
interruptions  prevented  the  completion  of  the  study  until  the  present 
year.  In  the  meantime  an  elaborate  series  of  chemical  analyses  was 
made  by  Dr.  Hillebrand  (in  180G)  and  the  results  were  published  on 
pages  68-70  of  Bulletin  148  of  the  United  States  Geological  Survey. 
These  analyses  are  here  republished,  with  the  oxides  arranged  in  the 
order  recommended  by  Dr.  II.  S.  Washington.^ 

Acknowledgments. — The  writer's  best  thanks  are  due  to  Dr.  Hille- 
brand, for  the  completeness  and  accuracy  of  his  analyses;  to  ProL 
J.  E.  Wolff,  of  Harvard  University,  who  not  only  suggested  this  piece 
of  research,  but  also  greatly  assisted  in  the  petrographical  determina- 
tions; to  Professor  Rosenbusch,  of  Heidelberg,  who  likewise  aided  in 
the  laboratory  study  of  the  collected  material;  to  Dr.  F.  P.  Gulliver, 
for  the  care  he  bestowed  on  the  preparation  of  the  topographical  map; 
and  especially  to  Dr.  T.  A.  Jaggar,  of  Harvard  University,  who,  after 
carrying  on  several  weeks'  field  work  in  the  area  in  collaboration, 
placed  his  notes  and  rock  collection  at  the  disposal  of  the  writer.  In 
addition,  Dr.  Jaggar  has  done  much  in  the  microscopic  investigation 
of  the  specimens  and  in  preparing  the  photographic  illustrations  for 
this  report.  He  has  also  read  the  manuscrii>t,  which  hiis  been 
improved  both  in  form  and  contents  by  his  valuable  suggestions. 


o  Am.  Jour.  Sci.,  4tb  Hories,  Vol.  X,  19(J0,  p.  59. 


CHAPTER  I. 

PHYSICAL  GEOGRAPHY. 
GENERAIi  TOPOGRAPHY  OF  THE  ABBA. 

Mount  Ascutney  is  the  most  conspicuous  elevation  seen  by  the 
traveler  in  ascending  the  Connecticut  River  (see  PI.  I,  A).    The  moun- 
tain, as  well  as  the  rest  of  the  area  considered  in  this  paper,  is  sit- 
uated on  the  right  bank  of  the  river  and  near  the  town  of  Windsor,  in 
southeastern  Vermont.     Though  having  an  elevation  of  little  more 
than  3,000  feet  (915  meters)  above  sea  level,  Ascutney  is  very  prom- 
inent as  it  rises  from  the  floor  of  the  deeply  trenched  master  valley  of 
New  England.     The  railway  bridge  over  the  Connecticut  at  Windsor 
is  but  301  feet  (92  meters)  above  sea  level;  the  summit  of  the  moun- 
tain is,  according  to  Dr.  Gulliver's  determination,  3,114  feet  (950 
meters)  above  the  same  datum «  and  lies  only  3  miles  from  the  river 
(see  PI.  I,  B).     Thus  the  mountain  is  considerably  more  imposing  than 
many  other  peaks  in  New  England,  which,  although  of  the  same  or 
even  greater  height,  yet  rise  from  a  nioro  elevated  base.     Additional 
scenic  importance  attaches  to  Ascutney  on  account  of  its  isolated 
position.     Among  the  nearer  noteworthy  elevations  are  Ludlow  and 
Shrewsbury  mountains  and  Killington  Peaks  of  the  Green  Mountain 
Range;   accordingly,  for  a  distance  of  20  miles  in  every  dii*ection, 
the  beautifully  compact,  broadly  conical  outline  of  Ascutney  forms  a 
principal  feature  of  the  landscape.     Largely   for  this  reason  the 
mountain  enjoys  a  special  reputation  for  beauty  among  the  inhab- 
itants and  tourists  of  New  England. 

The  conditions  for  field  work  are  good  except  in  some  parts  of  the 
main  mountain,  where  thick  second-growth  timber  effectually  conceals 
the  eruptive  rocks.  Two  good  paths  to  the  summit,  one  from  Browns- 
ville, the  other  from  the  Windsor  side,  were  open  in  1808.  The  moun- 
tain can,  however,  be  easily  climbed  from  any  direction. 

The  softened  profiles  of  the  mountain  suggest,  and  a  study  of  the 
geological  structure  of  the  region  proves,  that  Ascutney  is  a  residual 
of  erosion  (see  PI.  VII).  It  has  been  carved  out  of  this  part  of  the  once 
lofty  Appalachian  mountain  system  where  the  sedimentary  rocks  of 
the  range  have  been  intruded  by  several  stocks  and  thi('k  dikes  of 
igneous  rock.  The  relief  features  of  the  area  discussed  thus  l>elong 
to  the  same  category  as  the  very  common  sugarloaf  peaks  of  Vermont, 

aC.  H.  Hitchcock  estimated  the  height  to  Ik?  "alwut  3,168  feet: "  Ghx)lopry  <>f  Now  Hampshire, 
Vol.  1, 1877,  p.  180. 
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located  on  intrasive  granites  and  syenites.  The  geological  map 
(PI.  VII)  indicates  in  an  almost  diagrammatic  fashion  the  sympathy 
between  relief  and  rock  composition.  Ascntney  itself  owes  its  exist- 
ence primarily  to  a  great  stock  of  quartz-syenite.  The  pictnresque 
ridge  of  Little  Ascutney  is  held  np  by  a  strong  rib  of  intrusive  syenite- 
^rphyry  associated  with  other  erupti  ves  more  resistant  to  the  weather 
than  either  the  gabbro-diorite  stock  on  the  north  or  the  gneisses  on 
the  south.  The  shai)ely  cone  north  of  Little  Ascutney,  which,  for 
purposes  of  convenience  in  this  repoi*t,  has  been  named  "Pierson 
Peak "  (after  the  hospitable  owner  of  the  farm  at  the  base  of  the 
hill),  is  strictly  controlled  in  form  by  a  small  elliptical  st/ock  of  alka- 
line syenite  cutting  the  softer  diorites. 

Apart  from  other  more  general  considerations,  the  fact  that  these 
eruptive  rocks  are  more  resistant  to  weather  than  the  surrounding 
schists  is  clear  from  the  nature  of  the  flloi)es  and  profiles  at  the  con- 
tacts. As  a  rule  there  is  an  abrupt  steepening  of  the  ascent  along 
the  radiating  spurs  of  the  main  mountain  just  above  the  contact 
between  the  sedimentary  and  eruptive  rocks.  At  the  same  line  of 
contact  there  is  likewise  a  sudden  change  of  gradient  in  the  streams 
draining  the  mountain,  as  if  corrasion  were  considerably  easier  on 
the  schists  than  on  the  eruptive  rocks.  An  example  is  seen  at  the 
beautiful  "Crystal  Cascade"  on  the  southwest  side  of  the  main  moun- 
tain. This  general  feature  of  the  residuals  of  erosion  ir;  our  area  maj' 
be  repeatedly  and  clearly  seen  in  the  granitic  hills  of  New  England 
and  might  serve  to  dispel  any  doubts  which  remain  in  the  minds  of 
those  students  of  erosion  who  are  skeptical  as  to  the  prevailing  theorj'^ 
of  New  England  reliefs,  for  it  is  doubtless  true  that  the  most  illumi- 
nating treatment  of  New  England  topography  finds  best  explanatian 
for  its  mountains  and  higher  hills  in  the  assumption  of  the  supe- 
rior strength  of  their  component  rocks — a  strength,  namely,  superior 
to  that  of  the  rock  masses  immediately  surrounding.  In  a  score  or 
two  of  instances  in  Vermont  and  New  Hampshire  striking  differences 
of  relief  are  faithfully  associated  with  equally  striking  differences  of 
lithologic  composition.  Plutonic  eruptives  comjwse  the  mountains 
and  generally  weak  schists  underlie  the  encircling  lowlands.  In  these 
examples  the  greater  height  of  the  hills  can  scarcely  be  due  to  more 
pronounced  initial  uplift  during  the  original  mountain  building. 
When,  on  the  other  hand,  differential  erosion  is  so  clear  for  granitic 
mountains  like  Ascutney,  it  seems  legitimate  to  extend  the  idea  to 
many  New  England  residuals  of  schistose  composition,  where,  as  yet, 
full  corroborative  evidence  as  to  the  validity  of  the  same  assumption 
is  not  obtainable. 

The  view  that  the  rocks  of  the  classic  monadnock  in  New  Hamp- 
shire are  harder  than  the  somewhat  similar  rocks  about  that  moun- 
tain certainly  wins  most  credibility  from  the  general  agreement  of 
that  assumption  with  the  most  f  niitful  explanation  of  the  New  England 
I)enwplain ;  but  it  would  be  a  matter  of  considerable  satisfaction  to 
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those  who  have  to  deal  in  theories  of  land  sculpture  if  detailed 
petrographic  and  field  studies  of  the  schist  monadnocks  were  made 
with  intent  to  test  the  theory  of  differential  hardness.  Perhaps  a 
microscopic  study  of  similarly  exposed  monadnock  rocks  and  low- 
land rocks  would  enable  the  investigator  to  ascertain  the  amount  of 
post-Glacial  weathering  which  has  occurred.  If  quantitative  estimates 
w^ere  likewise  made  as  to.the  influence  of  jointage,  rifting,  cleavage, 
etc.,  the  result  should  be  to  give  a  more  scientific  basis  for  the  dis- 
cussion of  the  residuals  of  erosion  than  now  exists.  In  a  rough  way 
an  analogous  but  incomplete  study  of  the  rocks  of  this  area  has  sus- 
tained the  monadnock  theory  of  the  origin  of  Ascutney  and  Little 
Ascutney.  This  tlieory,  to  be  sure,  hero  scarcely  needs  other  substan- 
tiation than  the  facts  of  composition,  structure,  and  present  relief. 

DRAINAGE. 

The  Connecticut  River  flows  along  a  belt  of  soft  rocks  parallel  to 
their  strike,  and  is  thus  a  typical  longitudinal  valley.  In  no  part  of 
its  course  is  it  more  clearly  "adjusted"  to  a  relatively  weak  zone  than 
on  the  ** Oalciferous  mica-schist"  eastward  of  the  mountain.  Simi- 
larly Mill  Brook  follows  the  strike  of  the  rocks  in  that  gorge-like  part 
of  its  course  between  the  elbow  south-southeast  of  Windsor  and  its 
confluence  with  the  Connecticut.  p]lsewhere  Mill  Brook,  like  the 
stream  entering  the  main  river  near  Ascntneyville,  belongs  to  the 
class  of  "superposed"  streams,  having  sunk  its  channel  irregularly 
through  drift  and  terrace  sands  into  the  underl^Mng  schists.  Short 
but  broad  valleys,  located  partly  on  schists,  partly  on  the  compara- 
tively soft  diorite,  separate  Little  Ascutney  and  Ascutney  Mountain 
proper.  These  valleys  are  also  adjusted  to  weak  zones  in  the  rocks, 
and  belong  to  the  now  well-recognized  class  of  ** subsequent"  valleys. 

But  it  is  not  easy  to  place  the  radiating  drainage  of  the  main  moun- 
tain in  the  accepted  classification  of  stream  courses.  There  is  nothing 
to  show  that  the  eruptives  of  the  area  ever  reached  tlie  surface  to  form 
volcanic  flows  or  cones;  they  seem  rather  to  have  consolidated  in  the 
form  of  a  complex  stock-like  boss.  The  structure  of  the  region  shows 
that  the  radiating  drainage  is  not  the  result  of  inheritance  from  the 
surface  of  a  dome  in  the  overlying  schists,  in  which  a  dilTen^nt  pattern 
of  drainage  would  have  predominated,  namel}^  a  mon^  or  less  rectan- 
gular network  of  stream  courses.  Such  a  dome  would  not  likely  be 
able  to  alter  seriously  the  directions  of  the  streams  originating  either 
in  the  folding  of  the  schists  or  in  the  process  by  which  newer  valleys 
would  be  worn  out  on  weak  belts  parallel  to  tlie  strike.  These  radi- 
ating streams  can  not,  thus,  be  regarded  as  *'superpos(Ml"  llirough 
the  schist  blanket  once  overlying  the  stocks. 

There  is  here,  in  fact,  a  kind  of  drainage  which  is  controlled  in  its 
development  by  constructional  pro(»esses  f  undamentally  dilTerent  from 
those  usually  (ronsidennl  in  a  systematic  discussion  of  st  reams.  Fold- 
ing,  faulting,  and  glacial  and  volcanic*  accumulation  are  examples  of 
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processes  leading  to  the  formation  of  surfaces  which  are,  in  the  initial 
stage,  exposed  to  erosion.  But  there  is  a  kind  of  subterranean  con- 
struction to  be  found  in  the  intrusion  of  large  bodies  of  igneous  rock, 
which  may,  in  the  course  of  time,  affect  the  relief  and  drainage  of  a 
region  much  more  conspicuously  than  the  processes  just  mentioned. 
The  uncovering,  by  erosion,  of  a  boss  of  igneous  material  harder  than 
the  surrounding  rock  formations  will  necessitate  either  the  true 
"  superi)osition"  of  streams  in  the  manner  just  suggested,  but  excluded, 
for  good  reasons,  in  the  Ascutney  instance,  or  the  formation  of  new 
ones  divergent,  roughly  speaking,  from  the  center  of  the  boss  toward 
the  lowlands  of  the  less  resistant  formations.  These  latter  streams 
are  logically  consequent  on  the  intrusion  and,  to  a  greater  or  less 
extent,  consequent  in  length  and  direction  on  the  original  contours 
and  ground  plan  of  the  irruptive  body.  This  may  be  true  in  a  large 
way  whatever  the  details  of  form  in  the  upper  surface  of  the  igneous 
mass.  Whether  it  be  a  regular  boss  with  smooth  profiles,  or  one 
irregularly  terminated  by  apophyses  into  the  overlying  rock,  the 
superior  hardness  of  the  intrusive  will,  in  the  end,  tend  to  cause  its 
projection,  as  a  whole,  above  the  soft-rock  terrane;  so  that  there  will 
be  brought  about  an  approximation  to  the  average  original  profile  of 
the  boss.  There  must  in  any  case  originate  on  its  revealed  surface 
a  number  of  streams  divergent  from  the  central  region  of  the  boss 
and  flowing  toward  the  surrounding  lower  land. 

Such  streams  are  seen  to  be  analogous  to  those  which  drain  the 
retreating  escarpments  of  tilted  stratified  beds — the  class  of  "  obse- 
quent"  streams  as  defined  by  Professor  Davis.  Obsequent  streams 
drain  the  scarped  front  of  a  hard  member  of  the  stratified  series  and 
are  the  result  of  the  excavation  of  lowlands  by  the  lengthening  and 
widening  of  valleys  in  an  underlying  softer  formation.  The  radial 
drainage  here  considered  is  similarly  caused  by  the  removal  of  rock 
material  less  resistant  to  the  weather  than  the  intrusive  igneous  rock. 
At  the  same  time,  that  removal  means  the  origination  of  drainage 
"  adjusted"  to  the  soft  encircling  formation.  The  adjustment  is  here 
circumferential  and  centrifugal  with  reference  to  the  middle  point  of 
the  intrusive  body,  not  longitudinal  (parallel  to  the  strike  of  a  bedded 
formation),  as  in  the  case  of  those  "  subsequent"  streams  into  which 
"  obsequents  "  i)our  their  waters. 

The  radial  drainage  of  Ascutney  is  thus  believed  to  owe  its  origin 
to  the  degradation  of  the  encircling  schists — a  centrifugal  control 
due  to  differential  hardness.  Located  on  a  hard  member,  thej'  are 
to  be  associated  with  obsequent  drainage,  and  share  with  obsequent 
and  subsequent  drainage  the  characteristic  of  appearing  only  rela- 
tively late  in  the  whole  geographical  cycle  of  degradation.  They  are 
also  conditioned  by  the  original  form  of  the  intrusive,  and  are  thus 
consequent.  To  express  their  composite  nature  they  may  be  called 
subconsequenty  using  a  term  which  was  first  proposed  by  Professor 
Davis  for  what  are  generally  coming  to  be  called   *' subsequent" 
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streams.  His  abandonment  of  the  longer  for  the  shorter  term,  which 
was  independently  invented  by  him  and  by  Jukes,  leaves  "suboon- 
sequent"  open  to  the  special  use  to  which  we  propose  to  attach  it. 
The  prefix  *'sub"  is  especially  appropriate,  as  it  serves  to  indicate,!, 
the  necessary  lack  of  absolute  and  exact  control  possessed  by  the 
constructional  form  of  the  intruded  body  over  the  trend  of  this  class 
of  streams  even  where  they  run  over  the  igneous  rock.  That  control 
will,  to  some  extent,  be  imperfect  on  account  of  a  variety  of  circum- 
stances connected  ^vith  the  removal  of  the  cover  and  the  apophyses 
penetrating  the  cover.  Wliile  subconsequent  drainage  is  always 
divergent,  it  may  be  radial  or  elliptical  where  the  intrusive  has  a 
circular  or  elliptical  ground  plan;  or  bilateral,  as  in  the  case  of 
many  batholiths  and  great  dike-like  intrusions;  or,  finally,  irregularly 
divergent. 

GliACIATION"  OF  MOIINT  A8CUTNEY. 

*  The  similarity  of  form  between  Mount  Ascutney  and  other  residuals 
in  the  glaciated  tract  of  New  England,  on  the  one  hand,  and  the  residuals 
of  Georgia  and  the  Carolinas  on  the  other,  particularly  in  respect  to  the 
systems  of  radiating  drainage  seen  on  all  slopes  of  the  northern  moun- 
tains, is  suggestive  of  the  fact,  which  seems  borne  out  by  many  others, 
that  glacial  erosion  has  very  slightly  affected  the  shape  of  these  greater 
reliefs  of  New  England.  The  accumulating  evidence  of  intense  glacial 
erosion  in  alpine  valleys,  whereby  hundreds  or  ev  en  thousands  of  feet 
of  fresh  rock  have  been  quarried  away  by  master  glaciers  from  their 
rock  floors,  recalls  the  question,  raised  oftentimes  a  generation  ago,  as 
to  how  much  material  was  disturbed  by  the  groat  Pleistocene  glaciers 
of  North  America.  The  answer  seems  again  to  be  unequivocal  that 
such  erosive  work  as  that  carried  on  during  Pleistocene  times  in  the 
Norwegian  fiords,  for  example,  was  not  paralleled  in  New  England. 
If  it  had  been,  we  should  expect  Mount  Ascutney,  once  entirely  over- 
ridden by  ice,  to  possess  a  somewhat  definite  stoss-and-lee  form  and 
to  have  suffered  a  serious  change  in  its  drainage.  The  radiating 
ravines  are  so  deep  and  contain  such  clear  evidenc(\s  of  glaciation  in 
their  bottoms  that  they  can  not  be  ascribed  to  post-Glacial  erosion. 
They  have  not  the  appearance  of  cirques,  and  hence  can  not  be 
ascribed  to  the  work  of  local  glaciers,  for  which,  indeed,  on  so  small 
a  mountain,  the  required  gathering  ground  is  lacking.  Those  ravines 
and  water  courses  must  be  pre-Glacial.  This  being  the  case,  the  con- 
clusion lies  near  to  hand  that  the  Labrador  ice  sheet  did  not  ai)proach 
in  erosive  activity  the  local  glaciers  of  Switzerland,  Norway,  Labnidor, 
or  Alaska.  The  northwest,  north,  and  northeast  slopes  of  Ascutney 
would  have  borne  the  brunt  of  the  glacial  attack  and  j)oriiaps  suf- 
fered a  more  vigorous  onslaught  than  the  lowlands  on  account  of  the 
projection  of  the  mountain  above  the  general  glaciated  floor,  but  those 
slopes  on  the  stoss  side  are  as  well  provided  \\ith  the  usual  radiating 
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stream  courses  as  those  on  the  south.  It  is  highly  improbable  that 
such  symmetry  would  persist  if  the  Ascutneyeone  had  been  seriously 
affected  in  volume  by  the  glacier.  The  same  patent  observation  can 
be  and  has  been  made  in  many  parts  of  northciistern  America  where 
tte  appropriate  reliefs  occur,  but  it  is  worthy  of  restatement  in  order 
to  point  out  once  again  the  mysterious  contrast  l>etween  the  excavating 
power  of  present  and  past  valley  glaciers  and  of  the  incomparably 
greater  Pleistocene  ice  cai>s. 

The  mantle  of  glacial  drift  in  the  area  discussed  is  much  interrupted 
and,  in  general,  quite  thin,  so  that  outcrops  of  the  bed  rock  are 
numerous.  The  fine  terraces  of  the  Connecticut  and  of  Mill  Brook 
cover  some  of  the  "Calciferous  mica-schist"  (PI.  I,  B),  The  highest 
of  these  is  21 G  feet  (00  metera)  above  low-water  level  of  the  river  at 
Windsor.  It  was  used  by  J.  D.  Dana  as  imporUint  eviden(*e  of  the 
height  to  which  the  Hooded  Connecticut  extended  its  banks  in  Cham- 
plain  times.^  The  gneisses  of  the  southwest  i>ortiou  of  the  area  are 
blanketed  over  with  the  alluvium  of  the  brook  at  Greenbush. 

SUMMARY. 

Mount  Ascutney,  like  most  of  the  mountains  of  New  England,  is  a 
residual  of  erosion,  a  mona<lnock  overlooking  a  dissected,  rolling 
plateau.  The  relief  as  a  whole  and  in  its  details  is  controlled  by  rock 
composition  in  a  si)ecially  definite  nuuiner.  Proofs  of  differential 
hardness  are  evident  in  the  present  toiK)graphy,  intrusive  bodies 
ccmtrasting  in  this  respect  with  one  another  and  with  the  adjacent 
schists.  The  drainage  of  the  area  is  that  of  an  anci(»nt  mountain 
system.  There  is  clear  adjustment  of  the  stream  ways  to  soft  struc- 
tures, giving  "longitudinal  subsequent"  streams  and  radially  diver- 
gent "subconsequents."  The  latter  occuron  the  main  intrusive  rock 
body,  which  dominates  all  tlie  other's  thnmgh  its  sui>erior  strength 
against  weathering  influences  and  through  its  relatively  greater  vol- 
ume. The  discussion  of  this  mountain,  which  is  but  one  of  a  numer- 
ous family  found  in  eastern  North  America,  emphasizes  once  more  the 
need  of  recognizing  deep-seated  intrusion  as  a  constructive  process  no 
less  important  for  c(»rtain  regions  than  the  faulting,  folding,  or  some 
other  initiating  deformation  of  the  earth's  surface  which  begins  a  new 
cycle  of  erosion.  Thehistory  of  the  Ascutney  topography,  includingits 
drainage,  begins  logically  and  chronologically  with  the  date  of  the 
intrusion  of  the  Main  syenite  stock.  The  existing  subconical  form 
and  the  radiating  stream  courses  of  the  mountain  may  Ix*  said  to  be 
"subconsequent"  upon  that  constructional  process  of  intrusion. 

The  general  form  of  Ascutney  was  not  essentially  affected  by  the 
Pleistocene  glaciation.  A  veneer  of  pre-Glacial  weathered  rock  was 
removed  and  the  rounding  of  minor  points  accomplished  by  the  ice 
invasion,  but  the  pre-Glacial  Ascutney  had  practically  the  form  of 
the  present  mountain. 


a  Am.  Jour.  Sci.,  8d  series.  Vol.  XXm,  1888^  p.  IKS. 
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CHAPTER  II. 

GENERAL  DESCRIPTION   OF   THE  SCHISTS  IN  THE  AREA. 

The  fundamental  rocks  through  which  the  eruptions  took  place 
naturally  first  demand  attention.  The  following  account  of  them  will, 
however,  be  brief,  as  befits  the  main  purpose  of  this  paper.  They 
consist  of  two  conformable  members,  a  phyllitic  and  a  gneissic. 

PHYIililTIC  SERIES. 

The  numerous  specimens  collected  from  the  phyllite  indicate  a 
tolerable  uniformity  in  the  lithological  character  of  that  rock  through- 
out its  whole  extent  in  the  neighlK)rhood  of  Mount  Ascutney.  It 
is  composed  essentially  of  quartz,  sericite  (often  partially  replaced 
by  biotite),  argillaceous,  chloritic,  and  carbonaceous  material, 
accompanied  by  notable  amounts  of  iron  sulphides  and  titaniferous 
iron  ore  (PI.  II,  A).  Rai*e  crystals  of  orthoclase  and  of  a  triclinic 
feldspar,  equally  rare  grains  of  epidote,  and  i)orfeet,  minute  crystals 
of  rutile  and  of  titanite  are  sporadically  developed.  Tlio  quartz  forms 
interlocking  grains  between  the  sericitrc  fibers  and  layers  which  pro- 
duce the  marked  lamination  of  the  rock.  Straining  in  the  quartz  is 
at  times  not.able  and  seems  to  be  correlated  ^vith  microscopic  faulting 
in  tlie  rock  as  a  whole.  Along  these  incipient  fault  planes  a  further 
development  of  sericite  has  taken  place,  thus  giving  the  rock  the 
wavy  appearance  characteristic  of  strain-slip  cleavage  (PI.  II,  B). 
Good  examples  of  this  phenomenon  are  to  be  found  in  tiie  quarry 
beside  Mill  Pond  near  Windsor.  Lenses  and  laminae  of  milky  quartz 
are  very  abundant  and  liave  sometimes  shared  in  the  crumbling  of 
the  phyllite,  though  generally  they  seem  to  have  been  formed  posterior 
to  its  folding. 

Very  often  through  the  series  the  argillaceous  material  is  nearl^'^  or 
quite  absent  and  we  have  a  simple  quartz-sericite-scliist.  An  excep- 
tionally fresh  specimen  of  this  phase,  collected  in  the  low  cliffs  just 
west  of  Ascutneyville  (spec.  24),  has  been  analyzed  (Table  1,  p.  15.) 
It  is  practically  a  quartzite,  which  bears,  in  addition  to  the  other 
essential  constituent,  sericite,  very  small  amounts  of  orthoclase,  an 
undetermined  plagioclase,  epidote,  ilmenite,  rutile,  titanite,  and  a  little 
pyrite,  with  probably  pyrrhotite. 
14 
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Table  I. — AnaJysiH  of  quartz-^ericite-schist  {specimen  24)  from  cliffs  tm'st  of 

Ascutneyville, 

Per  cent. 

SiO, 00.91 

A1,0, 4.18 

Fe,0, _ 0.22 

FeO 1.27 

MgO 0.37 

CaO _ 0.22 

Na,0 0.77 

K,0 0.58 

H,0  above  110' C 0.74 

H,0  below  110' C 0.06 

CX), 0.18 

TiO, .- 0.28 

ZrO, -- - 0.02 

PA 0.05 

CI Trace. 

F Trace. 

FeSa  and  Fe^Sg «  0 . 1 1 

MnO Faint  trace. 

BaO Trace. 

Li,0 Strong  trace. 

C ''0.10 

100.06 

Total  S 0.056 

Sp.gr 2.678 

The  phyllites  outiCrop  on  the  edge  of  the  upper  ti^rrace  of  the  Con- 
necticut River  with  a  strike  of  N.  5°  E.  and  an  average  dip  of  50°  E. 

(PI.  \ai.) 

The  planes  of  foliation  here  and  all  across  the  series  to  the  gneissic 
area  are  regarded  as  very  closely  coincident  with  the  original  bedding. 
Many  beds  of  limestone  from  3  inches  to  2  feet  (8  to  00  centimet-ers) 
in  thickness  are  intercalated  in  the  phyllites  and  are  always,  so  far 
as  observed,  conformable  with  their  foliation  planes.  C.  H.  Hitchcock 
used  the  foliation  as  expressive  of  true  stratification  and  has  remarked : 
"I  believe  the  strata  on  both  sides  of  Ascutney  are  monoclinal  and 
dip  easterly.  "<^  Farther  to  the  west,  in  the  monoclinal  structures  of 
the  Green  Mountains,  patient  and  successful  study  of  the  actual 
bedding  has  showed  a  close  correspondence  of  schistosity  and  true 
dip  in  the  many  folds  overturned  to  the  west.^  On  the  other  hand, 
there  is  no  doubt  that  in  other  localites  in  this  same  phyllitic  forma- 
tion there  is  "striking  unconformity  between  the  planes  of  deposition 
and  the  fissility."* 

oKote  by  Dr.  Hillebrand,  analjrst:  On  boiling  with  dilate  HCl,  some  H^S  Ib  griven  off,  followed 
by  a  strong  and  x>ersi8tent  odor  of  rolatilizing  snlphor,  showing  the  decomposition  of  a  sulphide 
with  the  formation  of  H3S  and  the  simultaneous  deposition  of  sulphur.  It  is  probable  that 
both  pyrite  and  pyrrhotite  are  present. 

fr  Another  sample  gave  0.06  per  cent  carbon  and  0.42  i)er  cent  COf. 

<^ Geology  of  New  Hamjishire,  Concord,  1877,  Vol.  II,  p.  400. 

dBee  C. L.  Whittle,  The  greneral  structure  of  the  main  axis  of  the  Oreen  Mountains:  Am.  Jour. 
8ci.,  3d  series.  Vol.  XLVH,  1894,  p.  847. 

'C.H.  Bichardson:  Proc.  Am.  Assoc.  Adv.  Sci.,  Boston  meeting,  1808,  p.  296. 
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PLATE   II. 

Ay  Unaltered  phyllite,  showing  normal  plane-parallel  structure;  ordinary  light,  ! 
X20.    (Seep.  14.) 

By  Phyllite,  showing  bent  laminae  and  strain-slip  cleavage;  ordinary  light,  ' 
X  20.     (See  p.  14.) 
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There  is  no  better  summary  of  the  writer's  views,  obtained  from  but 
a  limited  study  of  the  series  in  the  vicinity  of  Aseutneyville,  than  that 
already  given  by  Edward  Hitchcock:  "We  have  noticed  no  cases 
where  the  stratification  and  schistose  structure  did  not  essentially 
coincide,  though  often  one  or  the  other  was  obscure,  very  probably 
because  tliere  was  a  discordance  of  this  kind,  which  careful  study 
might  have  traced  out."* 

Westward  across  the  strike  on  the  north  side  of  the  mountain  the 
dip  of  the  phyllite  is  seen  to  steepen  until  the  bedding  shows  an  incli- 
nation of  75°  or  more  to  the  east.  These  high  dips  occur  about  in  the 
meridian  passing  through  a  point  a  half  mile  east  of  Brownsville, 
where,  in  places,  the  dip  is  even  vertical.  The  strike  ranges  from 
N.  10°  E.  to  N.  23°  W.,  but  is  rarely  far  from  its  average  trend,  which 
is  due  north  and  south.  The  cross  section  on  the  south  side  of  the 
mountain  indicates  a  variation  in  the  strike  of  from  N.  15°  E.  to  N. 
20°  W.,  with  the  average  again  practically  north  and  south.  The  dip 
averages  00°  to  the  east,  though  a  rapid  steepening  below  the  granite 
quarries  gives  angles  as  high  as  83°.  The  two  sections  of  the  phyllitic 
series  thus  correspond  to  a  dynamically  metamoi-phosed  integral  mass 
of  sediments,  deformed  so  as  to  present  the  appearance  of  a  great 
thickness  of  conformable  tilted  rocks  with  a  high  dip  to  the  east. 

GN1EIS8IC  SERIES. 

West  of  the  meridian  which  passes  through  the  diorite-syenite 
contact  appears  a  group  of  medium-grained  to  coarse-grained  crystal- 
line schistfl  more  varied  in  composition  and  more  complex  in  structure 
than  the  phyllites.  There  is  no  distinct  plane  of  junction  between 
the  two  series.  Both  north  and  south  of  the  mountain,  going  west,  the 
phyllite  simply  assumes  a  more  and  more  feldspathic  character  until 
it  merges  into  a  conformable  and  typical  gneiss.  No  attempt  has 
been  made  to  unravel  this  complex,  even  so  far  as  that  is  possible. 
A  qualitative  treatment  only  has  been  deemed  sufficient  for  present 
purposes,  and  as  a  result  only  very  slight  differentiation  of  the  gneisses 
is  to  be  noted  on  the  map. 

The  most  abundant  member  of  the  gneissic  series  is  a  muscovite- 
biotite-epidote-gneiss  of  variable  texture.  It  is  often  richly  charged 
with  scapolite.  Likewise  abundant  are  biotite-muscovite-gneiss, 
biotite-gneiss,  muscovite-gneiss,  epidote-gneiss,  or  mica-schists,  all  of 
which  seem  to  be  transitional  into  the  main  gneissic  type.  Very  often 
the  feldspars  are  large  and  the  structure  is  that  of  a  true  augengneiss. 
All  these  types  may  be  garnetiferous.  With  them  are  associated  thin 
bands  of  beautifully  crystallized  homblende-biotite-quartz-schists  and 
epidotic  hornblende-schists.  The  finest  types  of  these  hornblende- 
schists  were  found  in  a  number  of  massive  ledges  on  the  west  side  of 


a  G^eolo^  of  Vermont,  Claremont,  1881,  Vol.  I,  p.  476. 
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the  road  running  through  Greenbush,  and  thus  outside  the  limits  of 
the  area  mapped,  but  excellent  sill-like  occurrences  may  be  studied 
just  below  the  Crystal  Cascade.  Thick  pods  of  coarsely  crystalline 
limestone  and  of  marble,  generally  charged  with  nests  of  radiating 
tremolite  (the  "wood-rock"  of  the  quarryman),  are  included  in  the 
gneissic  area,  but  again  outside  the  immediate  region  under  considera- 
tion. The  neai'est  of  these  lenses  of  limestone  has  been  rather  exten- 
sively quarried  for  the  manufacture  of  quicklime  at  Amsden,  about  2 
miles  southwest  of  Little  Ascutney .  Sheets  of  now  greatly  weathered 
diabase  are  not  uncommon  in  the  gneisses,  and  the  apophyses  from 
the  diorites  and  syenites  often  assume  the  same  form. 

An  intrusive  sheet  of  composition  and  origin  quite  different  from 
that  of  any  other  rock  yet  studied  in  the  area  wa.^  found  exposed  for  a 
length  of  about  5()0  yards  (458  meters)  with  a  strike  of  N.  15°  W.  It  is 
terminated  at  the  northern  end  by  the  younger  rock  mass  of  the  Main 
syenite  stock  at  a  point  about  one-half  mile  from  Crystal  Cascade. 
The  southern  end  of  the  sheet  is  concealed  bj^  a  drift.  This  sheet 
varies  from  60  to  100  feet  in  thickness  and  dips,  conformably  vrith  the 
quartz-epidote-schist,  55°  to  the  east.  The  inclusion  within  its  mass 
of  horses  of  the  schist  and  the  appearance  of  apophyses  from  it  within 
the  latter  clearly  prove  its  intrusive  nature  (see  PI.  VII). 

A  gneissic  structure  is  generally  visible  on  weathered  surfaces, 
though  it  is  sometimes  quite  absent.  The  sheet  rock  has  evidently 
been  squeezed  with  the  schist,  and  both  have  been  broken  by  faults  of 
small  throw.  Tlie  light-gray  hand  specimen  itself  exhibits  granula- 
tion, and  the  extensive  alteration  of  the  old  eruptive  is  indicated  by  the 
presence  of  many  irregular  grayish  to  silvery- white  blotches  of  mus- 
covite  (specimen  175).  Dark-colored  minerals  are  not  visible  macro- 
scopie^lly.  Microscopic  examination  shows  that  the  crushing  has 
been  profound.  Abundant  granulated  quartz  and  orthoclase,  greatly 
bent  lam(»lla3  of  plagioclase  and  microcline  (?),  and  the  abundant  mus- 
covite  present  especially  characteristic  proofs.  Besides  epidote,  which 
appears  to  be  a  metamorphic  derivative  from  the  plagioclase,  rare 
zircon  crystals  and  a  few  grains  of  an  iron  ore  complete  the  list  of 
constituents.  A  muscovite-gneiss  at  the  present  time,  this  rock  was 
doubtless  of  the  nature  af  an  aplitic  sill  before  the  period  of  dynamic 
metamorphism.  It  is  of  interest  in  representing  something  like  the 
condition  to  which  the  latter  eruptives  would  have  been  reduced  if, 
since  intrusion  and  consolidation,  they  had  been  affected  by  mountain 
building  on  the  scale  indicated  by  the  present  attitude  of  the  schists. 

It  has  already  been  noted  that  on  both  sides  of  the  mountain  the 
l)hyllite  assumes  from  east  to  west  a  more  and  more  gneissic  character 
in  a  fairly  broad  north-south  zone.  The  strike  and  dip  in  this  transi- 
tion zone  are  similar  to  those  of  the  phyllites  proper,  and  tliey  are 
retained  in  the  gneisses  on  the  south  of  the  dioritie  stock.  On  the 
north  side,  however,  while  conformable  with  the  phyllite  near  the 
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transition  zone,  the  gneisses  vary  in  strike  from  north  and  south  to 
east  and  west.  The  average  strike  is  about  northwest  to  southeast. 
As  the  section  is  followed  westward  the  gneisses  are  seen  to  be  greatly 
contorted  and  to  writhe  about  in  the  most  irregular  way,  the  angle  of 
dip  changing  considerabl}'^  with  the  strike.  These  structural  changes 
are  introduced  so  gradually  in  and  west  of  the  transition  zone  that 
they  do  not  preclude  the  idea  that  the  gneiss  underlies  the  phyllites 
conformably.  Such  is  believed  to  be  the  relation  between  the  two 
series. 

In  this  instance  the  chronological  treatment  of  the  rocks  of  the 
arr*a  has  been  deviated  from.  This  has  been  done  because  the  phyl- 
lites have  greater  stratigraphic simplicity,  and  dynamic  metamorphism 
has  affected  them  to  a  much  smaller  degree  than  the  older  crystalline 
schists.  At  the  same  time,  the  amount  of  light  thrown  on  the  origin 
of  the  gneisses  by  the  brief  and  limited  study  of  the  phyllites  is  not 
that  which  would  accrue  from  an  accurate  and  detailed  mapping  of 
the  schists  far  beyond  the  limits  of  the  area  mapped.  The  intimate 
association  of  the  two  series  and  the  occurrence  of  the  limestone  pods 
in  the  gneiss  render  it  highly  probable  that  the  gneiss  is  for  the  most 
part  composed  of  material  that  was  originally  sedimentary.  Beyond 
this  general  statement  the  facts  obtained  in  the  Ascutney  area  will 
not  permit  us  to  go,  nor  for  the  immediate  purpose  of  this  paper  is  it 
necessary  to  inquire  further  into  the  details  of  the  history  of  the 
metamorphism. 

GEOIX>GIC  AGE  OF  TUB  SCHISTS  AND  OF  THE   INTRUSIVE 

ROCKS. 

Outside  regions  must  be  turned  to  for  a  solution  of  the  difficult 
problem  as  to  the  age  of  the  schists  and,  inferentially,  as  to  the  maxi- 
mum age  that  may  be  assigned  to  the  eruptives.  The  Vermont  Sur- 
vey Report  of  1861  includes  the  phyllitic  series  in  the  "Calciferous 
mica  schist,"  and  states  that  this  formation  is  overlain  by  clay  slate 
which  a  "strong  presumption "  would  place  in  the  Devonian;  and 
hence  that  the  schist  is  at  least  Devonian,  and  may  be  older. «  Speak- 
ing of  the  underlying  gneiss,  Edward  Hitchcock  wrote,  '*We  have 
already  made  it  probable  that  the  Calciferous  mica  schist  has  been 
converted  into  gneiss  from  Ascutney  southward.  If  so,  whatever  the 
age  of  the  schist  may  be,  that  of  the  gneiss  is  the  same."*  Hitchcock 
left  the  question  of  age  open,  though  he  seems  to  have  given  weight 
to  T.  S.  Hunt's  conclusion,  based  on  studies  in  the  northern  extension 
of  these  schists  into  Canada,  that  they  are  of  Niagara  or,  at  any  rate, 
Upper  Silurian  age.*^  Emerson  has  proved  that  the  Bemardston  series 
of  Vermont  and  Massachusetts  is  of  Hamilton  and  Chemung  age.^ 
That  series  overlies  the  Calciferous  mica  schist,  so  that  the  latter  is 
Lower  Devonian  or  older. 

a  Vol.  I,  p.  486.  e  Am.  Jour.  Sci.,  2d  seriee.  Vol.  XVIH,  1864,  p.  IdS. 

^  Oeolo^  of  Vermont,  1861,  Vol.  I,  p.  470.       <<  Idem,  Vol.  XL^  lW^^.il^. 
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Recently  the  detailed  field  observations  of  C.  H.  Richardson  have 
afforded  more  definite  information.  He  divides  the  Calciferous  mica 
schist  into  a  calcareous  member,  the  Washington  limestone,  and  a  non- 
calcareous  member,  the  Bradford  schist.  The  latter  includes  the 
phyllitic  series  of  the  Ascutney  region.  Richardson  correlates  the 
Bradford  schist  with  the  Goshen  schist  of  Emerson  in  Massachusetts. 
The  Bradford  schist  is  "flanked  on  the  east  by  a  band  of  clay  8lat« 
and  on  the  west  by  the  Washington  limestone,  which  in  turn  is 
flanked  on  the  west  by  a  band  of  clay  slate.  The  two  bands  of  slate, 
the  Bradford  schist,  and  the  Washington  limestone  lie  unconf ormably 
both  on  the  east  and  west  on  a  synclinal  trough  of  the  hydromica- 
schist,  which  is  Huronian."  His  discovery  of  fossils  in  the  clay  slate 
has  enabled  Richardson  to  prove  it  to  belong  to  the  Lower  Silurian. 
"The  Bradford  schist  and  Washington  limestone,  which  have  oscil- 
lated from  the  'Primitive'  of  Zadock  Thompson  to  the  Niagara  of 
Professor  Dana,  are  Lower  Silurian,  and,  more  definitely.  Lower 
Trenton."* 

The  schists  had  been  flexed  into  essentially  their  present  attitude 
before  any  considerable  eruption  of  igneous  rock  took  place  in  this  area. 
The  sheets  of  amphibolite  and  sills  of  aplitic  material  noted  above 
have  been  changed  both  in  composition  and  structure  by  the  dynamic 
action  of  the  tilting  process.  They  are,  however,  of  minor  impor- 
tance, and  do  not  weaken  the  conclusion  that  the  mountain-building 
forces  had  practically  ceased  acting  before  the  (»ruptive  masses  of 
Ascutnoy  had  appeared  in  the  main  conduit.  Occasionally  the  feld- 
spars and  biotite  crystals  of  the  rock  in  the  oldest  (gabbro-diorite) 
stock  show  considerable  straining  and  bending,  but  such  effects  are 
far  inferior  in  degree  to  those  which  would  result  if  the  diorit<3  had 
undergone  the  enormous  pressure  necessitated  in  the  folding  of  the 
sediments.  The  still  younger  intrusives  show  even  less  evidence  of 
squeezing  or  dislocation  since  they  were  consolidated. 

The  principal  intrusions  are,  accordingly,  post-Trenton  in  ago,  and 
probably,  if  we  may  judge  from  the  analogy  of  other  granitic  intru- 
sions in  the  Appalachian  system,  post-Carboniferous  and  pre-Creta- 
ceous.     Nearer  than  that  they  can  not  as  yet  be  more  definitely  dated. 

8TJMMARY. 

The  irruptives  of  Mount  Ascutney  cut  a  series  of  tilted  schists 
assigned  to  horizons  equivalent  with  that  of  the  Bradford  schist  or 
older;  i.  e.,  they  are  regarded  as  Trenton  or  pre-Trenton  in  age.  The 
overlying  phyllites — the  "Calciferous  mica-schist"  of  the  geological 
survey  of  Vermont — belong  to  the  Bradford  schist  proper.  While 
highly  metamorphic  and  greatly  deformed,  the  ph^ilites,  with  the 
interbedd(Ml  quartzitic  and  thin  limestone  bands,  show  an  apparent 


'■Prw.  Am.  A8»oc.  Adv.  Sci.,  Vol.XLVII,  1«>h,  p.  m. 
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parallelism  between  schistosity  planes  and  stratification  planes. 
Beneath  this  sc^ries  is  a  conformable  group  of  schistose  rocks  con- 
sisting of  common  mica-gneisses,  epidote-gneisses,  amphibolites,  and 
crystalline  limestone. 

The  intrusions  are  of  later  date  than  the  last  great  period  of  rock 
folding  which  has  affected  the  Ascutney  region,  and  the  balance  of 
probability  makes  them  post-Carboniferous  and  pre-Cretaceous  in 
age. 


/ 


CHAPTER  III. 

CONTACT  METAMORPIIISM. 
THE  METAMORPHIC  AITREOIiE. 

The  metamorphic  aureole  developed  about  the  stocks  is  worthy  of 
detailed  consideration.  As  one  approaches  the  contact  from  any  side 
of  the  mountain  he  speedily  notes  plentiful  evidences  of  the  squeezing, 
crumpling,  and  fracturing  of  the  schists,  which  thus  have  a  more  com- 
plex structure  than  they  have  at  some  distance  away  from  the  massive 
rocks.  Especially  good  examples  of  this  may  be  seen  on  the  cleared 
spurs  on  the  southeast  side  of  Ascutney  Mountain  proper.  There,  as 
elsewhere,  further  proof  of  the  energetic  nature  of  the  intrusions  is  to 
be  found  in  the  numerous  apophyses  sent  into  the  bedded  series  and 
in  the  disruption  of  blocks,  great  and  small,  from  the  latter,  often 
forming  a  "permeation  area"  in  the  eruptive  masses;  but  the  pur- 
pose of  the  present  chapter  relates  not  so  much  to  the  dynamics  of 
the  metamorphic  action  as  to  the  mineralogical  changes  which  have 
taken  place  in  the  schists. 

The  heat  and  the  mineralizers  accompanying  the  intrusions  have  pro- 
duced alterations  which  are  most  important  in  the  phyllites  and  asso- 
ciated limestones.  On  account  of  the  well-known  mineralogical 
stability  of  the  gneisses  and  of  the  quartzitic  bands  the  metamorphic 
effects  upon  these  rocks  have  been  mechanical  rather  than  chemical 
or  mineralogical. 

The  breadth  of  the  aureole  is  not  great  in  au}^  part.  Indisputable 
contact  metamorphism  has  not  anywhere  been  recognized  at  much 
over  GOO  feet  (183  meters)  from  the  contact,  and  may  often  be  dis- 
tinctly seen  no  more  than  300  feet  (91  meters)  away  from  the  same 
line.  In  the  phyllitic  series  the  metamorphic  belt  averages  about  500 
feet  (154  meters)  in  width,  and  that  irrespective  of  the  attitude  of  the 
schists  and  irrespective  of  the  stock  nearest  to  which  the  measure- 
ment is  made.  The  Main  syenite  stock  has  controlled  the  metamor- 
phic action,  although  the  Basic  stock  seems  to  have  slightly  intensified 
the  action  at  the  triple  contacts  of  syenite,  phyllite,  and  diorite.  It 
is  essentially  connect  to  speak  of  the  metamorphism  of  the  phyllites 
as  resident  in  one  aureole  produced  by  the  intrusion  of  the  Main 
stock. 
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chanc;ks  in  the  l.imt<:8tonk8. 

The  interbedded  calcareous  layers  of  tho  phyllitic  series  are  spe- 
cially sensitive  to  this  contact  transformation.  Two  different  rock 
types  result  from  the  alteration  of  the  fine-grained  bluish-gray  sili- 
ceous limestone,  which  is  composed  simply  of  calcite,  quartz,  and 
carbonaceous  matt^^r  (spec.  114). 

The  first  of  these  phases  of  recrystallization  has  result^id  from  an 
abundant  replacement  of  the  calcite  by  epidote,  tlie  other  constituents 
remaining  unchanged.  This  variety'  was  found  at  several  points  in 
the  aureole.  Of  the  occurrences  known,  that  farthest  removed  from 
the  syenite  lies  about  600  feet  (183  metoi-s)  from  the  (*ontact  at  tlie 
base  of  the  prominent  2,350-foot  spur  bearing  east  by  north  of  the 
summit.  A  very  similar  phase  was  discovered  only  3  feet  (0.9  meter) 
from  the  contact  at  the  Crystal  Cascade.  Here  scapolite  is  also  devel- 
oped and  rare  grains  of  titan ite  and  brownish-green  hornblende  are 
accessory  (spec.  100). 

The  second  phase  is  illustrated  in  a  specimen  from  a  field  just  west 
of  the  old  road  leading  up  to  the  quarries  in  the  granite.  The  ledge 
from  which  it  was  taken  is  450  feet  (137  met.ers)  from  the  contact  with 
that  intrusive.  Attention  was  first  called  to  it  by  the  very  noticeable 
roughness  of  the  weathered  surface,  which  betrayed  the  presence  of 
some  mineral  in  roundish  masses  more  resistant  to  the  weather  than 
the  other  constituents  (spec.  5).  The  fresh  specimen  is  light  gray, 
mottled  with  these  subcircular,  rather  darker-colored,  oily-looking 
areas  about  6  millimeters  in  diamet-er  and  at  an  average  distance  of 
1  to  2  centimeters  apart.  Under  the  microscope  the  areas  resolve 
themselves  into  irregular  aggregations  of  tlie  colorless  to  yellowish 
lime-garnet  (grossularite),  inclosing  large  amounts  of  calcite.  The 
occuri*ence  is  thus  similar  to  that  described  by  Harker  and  Marr  in 
the  metamorphosed  limestone  of  the  Shap  Fell  region  in  England** 
and  to  many  others  of  different  localities. 

The  garnet  never  shows  crystal  form,  nor,  except  in  rare  cases,  any 
distinct  cleavage.  The  usual  optical  anomalies  and  zonal  extinction 
are  present.  The  anisotropic  property  is  very  unevenly  distributed 
throughout  the  areas.  It  may  be  completely  absent  in  one  grain  and 
give  a  polarization  tint  like  that  of  zoisite  in  a  contiguous  individual. 
The  double  refraction  shows  that  in  sqme  instances  the  areas  are 
occupied  by  single  poikilitic  crystals  of  the  grossularite  as  shown  by 
the  uniform  extinction  on  revolving  the  section  between  crossed  nicols. 
The  same  test  would  seem  to  indicate  the  composite  character  of  other 
masses  which  are  aggregates  of  small  individuals.  The  only  other 
change  from  the  normal  limestone  is  the  complete  disappearance  of 
carbonaceous  matter.  Quartz  remains  in  relatively  high  proportion 
and  occurs  with  calcite  as  inclusions  in  the  garnet. 


"Qnart.  Jour.  Geol.  Soc.,  Vol.  XL VII,  1891,  p.  311. 


24  GEOLOGY    OF    ASCUTNEY    MOUNTAIN,  VERMONT.         [Buix.ai». 

METAMORPIII8M  OF  TITE  PHYIiUTES. 

The  average  normal  phyllite  is,  as  we  have  seen,  considerably  more 
argillaceous  than  the  quartzitic  schist  analyzed  (see  Table  I,  p.  15). 
The  minerals  characterizing  the  rocks  resulting  from  the  alteration 
are,  as  a  rule,  those  which  might  be  expected  from  mere  recrystaliiza- 
tion  of  the  original  constituents,  viz,  qulartz,  sericite,  chlorite,  clayey 
matter,  iron  ores,  and  sulphides. 

There  is  no  definite  succession  of  zones  of  metamorphic  action, 
either  of  color,  structure,  or  mineral  aggregation,  as  in  the  classic 
region  of  Barr  Andlau.  The  macroscopic  changes  are  simple  and 
uniform  in  all  parts  of  the  aureole.  Quartz  veins  and  eyes  become 
more  numerous  as  the  contact  is  approached;  the  lamii  /tion  of  the 
schist  becomes,  at  the  same  time,  more  and  more  lost,  and  the  rock 
takes  on  an  increasingly  compact  and  indurated  look.  Yet  even  at 
the  contact  itself  the  presence  of  quartzose  laminae  in  the  original 
phyllite  often  entails  a  partial  preservation  of  the  schistose  structure. 
Occasionally  obscure  spotted  and  knotted  areas  are  found,  but  they 
are  not  conspicuous  nor  are  they  arranged  in  any  fixed  order. 

The  general  mineralogical  changes  may  be  summarized  as  compris- 
ing a  progressive  disappearance  of  sericite,  quartz,  and  argillaceous 
substance  and  a  corresponding  development  of  biotite,  red  garnet, 
cordierite,  pleonaste,  corundum,  and  sillimanite.  These  new  minerals 
naturally  occur  most  abundantly  and  in  larger  crystals  near  the  con- 
tjict  than  farther  out  in  the  aureole.  In  tracing  these  changes,  the 
attempt  was  made  to  collect  specimens  along  the  strike,  thus  inviting, 
though,  on  account  of  the  variability  and  disturl>ed  character  of  the 
schist  and  because  of  the  lack  of  sufficient  outcrops,  not  entirely 
securing,  the  maximum  of  certainty  as  to  just  how  great  has  l>een  the 
influence  of  this  local  metamorphism  on  lithological  units.  Three 
fairly  representative  sections  of  the  contact  zone  were  made  in  this 
way;  perhaps  no  better  means  of  describing  the  phenomena  of  the 
zone  can  be  adopted  than  to  consider  each  of  the  sections  somewhat 
in  detail. 

SERIES  A  OF  SPECIMENS  FROM  THE  METAMORPHIC  AUREOLE. 

The  first  of  these  sections  in  tlie  aureole  is  noted  on  the  geological 
map  as  occurring  at  the  syenite  contact  on  the  north  side  of  the  moun- 
tiiin;  the  set  of  specimens  collected  there  may  be  called  '*  Series  A." 
For  ease  of  reference  each  of  the  following  paragraphs  relating  to  the 
description  of  the  specimens  is  preceded  by  a  number  indicating  the 
distance  from  the  contact  of  the  specimen  to  which  that  paragraph 
refers. 

500  feH  {h')Jf  meiers). — Five  hundred  feet  from  the  contact  the  phyl- 
lite shows  some  crumpling  and  other  evidences  of  disturbances;  so 
far  as  known,  however,  no  new  mineral  has  lK>en  d(»veloi)ed  at  that 
distance. 
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JfiO  feet  {122  meters). — One  hundred  feet  nearer,  the  sericite  is 
largely  replaced  by  an  indeterminable  chloritic  substance,  but  it  is 
probable  that  this  phase  also  is  original. 

300  feet  {91  meters). — Somewhere  within  the  next  100  feet  measured 
toward  the  contact  there  is  a  comparatively  abrupt  appearance  of 
true  contact  minerals,  coupled  with  a  decided  loss  of  the  original 
fissility  of  the  rock  (spec.  129).  At  300  feet  from  the  syenite,  there 
is  a  partial  replacement  of  the  argillaceous  and  chloritic  material 
and  of  quartz  by  cordierite,  while  the  whole  rock  is  filled  with  a 
swarm  of  extremely  minute,  light-green,  isotropic  grains  with  high, 
single  refraction.  An  occasional  grain  of  epidote  lies  with  the 
iron  sulphides  (pyrite  and  probably  pyrrhotite)  in  the  planes  of 
schistosity,  which  are  still  to  be  seen,  both  macroscopically  and  in  the 
thin  section. 

250  feet  {77  meters). — Fifty  feet  nearer,  the  metamorphism  has 
affected  the  whole  rock.  Its  original  dark-gray  color  has  now  a  bluish 
cast  (spec.  128).  A  high  degree  of  induration  with  a  corresponding  loss 
of  lamination  and  an  increase  in  the  specific  gravity  are  characteristic. 
A  peculiar  feature  of  this  hand  specimen  is  the  presence  of  numer- 
ous roundish  and  isolated  areas  of  what  can  be  discerned,  even 
macroscopically,  to  be  granitic  aggregates  of  quartz,  feldspar,  and 
other  minerals  embedded  in  the  general  rock  matrix.  They  bear  a 
relation  to  the  transformed  schist  analogous  to  that  of  a  miarole  to 
its  igneous  host,  and,  for  lack  of  a  better  term,  they  may  be  called 
"pseudo-miaroles."  Microscopic  examination  shows  that  the  basis 
of  the  rock  is  now  cordierite  occurring  in  interlocking  individuals 
2  to  3  millimeters  in  diameter.  It  is  always  poikilitic  either  from 
the  mutual  intergrowth  of  several  crystals  of  its  own  substance 
or  from  the  swarms  of  mineral  inclusions  of  different  sorts  (the 
"sieve-structure"  of  Salomon).  Those  inclusions  are  the  same  as 
the  other  constituents  of  the  homfels,  viz,  numerous  small  shreds 
of  intensely  pleochroic  brown  biotite,  abundant,  irregular  grains  of 
deep-green  spinel,  pyrite,  pyrrhotite,  ilmenite,  tourmaline  of  brown 
and  yellow  tones,  quartz,  and  minute  black,  probably  carbonaceous 
particles. 

These  various  inclusions  cloud  the  whole  thin  section  except  in  the 
more  quartzose  laminsB,  which  are  doubtless  residual  from  the  origi- 
nal rock,  and  in  the  pseudo-miaroles.  They  are  also  lacking  in  the 
numerous  stringers  of  quartz  which  traverse  the  schist.  Probably 
the  recrystallization  of  the  schist  was  complete  before  the  quartz  was 
laid  down  in  the  veinules  and  the  pseudo-miaroles  were  filled  with 
their  granitic  contents.  The  latter  consists  of  the  minerals  charac- 
teristic of  the  adjacent  syenite — microperthite,  cryptoperthite,  quartz, 
brown  alkaline  hornblende,  and  rare  zircons.  With  them  is  often 
associated  a  pale-reddish  garnet  averaging  about  1  millimet'Cr  in 
diameter.     The  quartz  is  so  abundant  as  to  give  the  hypidiomorphic- 
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granular  aggregate  the  composition  of  a  true  granite.  These  pseado- 
miaroles  when  round  in  outline  measure  from  3  to  5  millimeters  in 
diameter;  when,  less  often,  they  are  elongated  in  the  section  they 
measure  from  5  to  10  millimeters  in  length.  They  are  not  connected 
with  one  another  or  with  distinct  apophysal  veins  from  the  syenite, 
but  are  comi)letely  surrounded  by  the  cordieritic  matrix.  It  looks  as 
if  there  had  been  a  shrinkage  of  volume  in  the  schist  during  its 
recrystallization  and  the  resulting  cavities  were  subse4uently  filled 
with  the  granitic  substance  by  a  pneumatolytic  process.  We  have, 
whatever  be  the  explanation,  a  striking  case  of  feldspathization  of 
schist  by  an  intrusive  granitic  rock  wherein  the  channels  of  approach 
of  the  feldspathic  material  were  of  submicroscopic  dimensions.  The 
deep-green  spinel  is  pleonaste,  which  is  now  of  increasing  importance 
as  we  go  toward  the  eruptive  rock.  It  was  this  mineral  that  war 
seen  at  the  300-foot  distance,  where  the  very  small  grains  were  inde- 
terminable. Similar  fine  material  is  present  here,  but  it  grades  up 
into  larger  individuals  which  are  undoubtedly  pleonaste.  Here,  too, 
the  pleonaste  has  an  interesting  localized  distribution,  being  groux>ed 
in  roundish  clusters  composed  of  many  crystals.  In  one  case  the 
whole  of  one  well-marked  cluster  about  0.3  of  a  millimeter  in  diam- 
eter is  included  in  a  single  crystal  of  cordierite.  The  spinel  is 
usually  without  crystal  form  and  occurs  as  drop-like  bodies.  It  is 
worthy  of  note  that  not  only  in  this  case,  but  in  all  parts  of  the 
aui'eolc,  pleonaste  and  the  metamorphic  biotite  are  in  reciprocal 
relation  to  each  other;  where  one  iw  abundant  the  other,  relatively,  is 
rare.  This  fact  correlates  with  the  observation  of  Lacroix  that  spinel 
is  a  common  product  of  the  alteration  of  mica  in  inclusions  caught 
up  in  lavas,^*  and  with  our  own  observation  that,  close  to  the  contact, 
where  we  should  expect  the  more  stable  produ(»ts  of  metamorphism, 
the  biotite  is  often  completely  replaced  by  pleonaste. 

150  feet  {JfG  tnefers). — One  hundi*ed  feet  nearer  the  (contact  the  schist 
is  macroscopically  similar  to  the  rock  found  at  250  feet  in  its  compact- 
ness, lack  of  pronounced  schistosity,  and  bluish-gray  color,  but  lacks 
the  pseudo-miaroles  and  is  more  strongly  charged  with  the  red  garnet 
(spec.  127).  Mineralogically  the  most  important  difference  is  found  in 
the  entrance  of  corundum  as  a  new  metamorphic  constituent.  This 
occurs  as  irregular  (»olorless  grains,  often  grouped  in  clusters  about 
ilmenito  in  the  form  of  a  mantle.  This  new  mineral  is  in  small  amount 
and  its  description  may  be  deferred  for  better  occurrences  at  other 
localities.  Cordierite*  again  composes  most  of  the  schist.  It  has  here, 
too,  the  pleochroic  halos  found  about  inclusions,  as  well  as  other  usual 
features.  Pleonaste,  with  a  clustering  habit,  is  coiupHratively  abun- 
dant, and  biotite  is  rare.  The  garnets  appear  in  large  individuals, 
showing  characteristic  cleavage  and  inclusions,  and  also  in  the  form  of 
well-crystallized  minute  dode(!ahedrons  without  inclusions  or  cleavage. 


«  L<»K  t»nclaveH  (le8  roc-hew  vol<:aniqut*i,  Macon,  IWtii,  p.  ^Ml 
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Many  of  the  larger  crystals  form  the  centers  of  eyes  and  are  then 
wrapped  about  by  mica  plates.  Generally,  however,  the  garnet  is  sur- 
rounded by  a  clear  zone  of  quartz  and  cordierite,  unaccompanied  by 
iron  compounds,  which  have  either  been  used  to  build  up  the  garnet 
or  are  included  in  zones  within  that  mineral.  Though  the  pseudo- 
miaroles  are  absent,  there  is  evidence  of  some  feldspathization  of  the 
schist.  Occasional  crystals  of  microperthite  may  be  discerned  in  the 
thin  section.  They  are  products  of  late  crystallization,  as  they  are 
intersertally  related  to  the  cordierite;  like  the  feldspars  of  the  pseudo- 
miaroles,  they  are  free  from  inclusions  of  pleonaste,  etc. 

100  feet  {31  meters,) — A  specimen  (No.  12G)  taken  from  a  ledge  100 
feet  from  the  contact,  seems  in  several  respects  to  show  a  local  excep- 
tion to  the  general  effect  of  metamorphism  on  the  phyllites.  Biotite  is 
once  more  developed  in  profusion,  while  pleonaste  is  quite  subordinate. 
Corundum  is  absent.  Cordierite  is  again  the  principal  constituent 
and  acts  as  host  to  the  pleonaste  clusters.  The  iron  sulphides  are 
conspicuous  in  the  hand  specimen.     Dr.  Hillebrand  remarks: 

On  boiling  the  powdered  rock  with  dilnte  hydrochloric  acid  considerable  H,S 
is  evolved  and  snlphor  is  set  free,  as  can  be  plainly  perceived  by  the  strong  smell  of 
volatilizing  snlphnr  accompanying  that  of  H^S.  The  decomposition  begins  at  a 
moderate  heat.  After  a  time  the  evolution  of  the  H^  ceases  and  the  smell  of 
snlphnr  is  no  longer  noticeable,  and  there  is  then  found  only  one-third  of  the  total 
sulphur  left  in  the  residue,  presumably  wholly  as  pyrite.  The  rest  of  the  sulphide 
is  magnetic  and,  dissolving  readily  in  HCl  with  the  evolution  of  H^S,  may  be 
considered  as  quite  certainly  pyrrhotite. 

The  feldspar  is  much  increased  in  amount,  is  notably  microperthitic, 
and  occurs  in  the  same  relations  as  in  the  last  specimen  described. 
For  the  first  time,  the  feldspar  shows  the  Carlsbad  twins  characteristic 
of  the  microperthite  of  the  syenites.  A  chemical  analysis  has  been 
made  of  this  phase  (Table  II,  col.  1).  As  a  whole  it  corresponds  to 
the  analysis  of  a  phyllite  rich  in  argillaceous  material.  The  soda  is 
to  be  ascribed  mainly  to  the  feldspar,  and  is  thus  believed  to  have 
been  introduced  by  hydrothermal  action.  On  tlie  supposition  that  all 
the  sulphide  exists  as  pyrite,  the  proportions  of  the  iron  compounds 
would  be — 

Per  cent. 

FesOs- 0.03 

FeO 6.41 

FeS,. --.- 0.58 

If  two-thirds  of  the  sulphide  is  pyrrhotite,  these  compounds  should 
be  recalculated  to  the  following  proportions: 

Per  cent. 

Fe,Os - 0.30 

FeO 6.00 

FeS, • - 0.19 

Fe^Sa 0.53 
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The  latter  proportions  are,  for  the  reason  already  noted,  believed 
to  be  more  nearly  correct  and  are  accordingly  entered  in  the  total 
analysis.  The  carbon  percentage  is  extremely  variable,  correspond- 
ing to  the  irregular  distribution  of  the  coaly  matter  in  the  schist.  One 
independent  determination  gave  0.03  per  cent  carbon  instead  of  0.40 
per  cent,  as  found  for  the  rock  fragment  analyzed  completely.  Two 
analyses  of  typical  cordierite-mica-hornfels  from  southern  Oarinthia 
(Table  II,  cols.  3  and  4),  show  a  rather  strong  similarity  to  that  of  the 
Ascutney  rock. 

60  feet  {15.5  meters). — Fifty  feet  from  the  contact  a  sx)eoimen  (No. 
125)  was  collected  that  showed  a  reversion  to  the  normal  sequence  of 
the  mineral  occurrences  as  the  contact  is  approached.  The  pleonaste 
once  more  largely  supplants  the  biotite  and  is,  in  fact,  more  abundant 
than  ever.  It  clouds  the  whole  of  the  thin  section,  though  there  is  a 
tendency  toward  a  grouping  along  planes  apparently  representing  the 
original  schistosity.  Corundum  and  tourmaline,  Hke  the  biotite, 
occur  but  sparingly.  The  schist  is  strongly  impregnated  with  small 
quartz  veins  and  with  lenses  1  to  2  millimeters  in  tliickness,  composed 
of  quartz,  microperthite,  and  brown  biotite.  The  evidence  is  not  so 
clear  as  in  the  case  of  the  pseudo-miaroles  that  these  granite  lenses 
are  not  actually  connects  with  one  another  and  with  the  stock  rock, 
but  it  is  highly  .probable  that  both  types  of  the  granitic  aggregates 
are  to  be  referred  to  the  same  pneumatolytic  origin. 

25  feet  {8  rtiefers). — Halfway  to  the  contact  the  rock  is  still  the 
massive  dark  bluish-gray  heavy  hornfels,  hardly  to  be  distinguished 
in  the  hand  si)ecimen  from  the  altered  schist  collected  from  the  200 
or  more  feet  of  section  over  which  we  have  just  passed  (spec.  124). 
A  notable  difference  from  the  hornfels  at  50  feet  consists  in  the 
abundance  of  corumkini,  which  is  oven  more  plentiful  than  the  pleo- 
naste. Cordierite  is  here  again  the  chief  constituent.  While  it  pre- 
sents the  usual  poikilitie  interlocking  habit,  it  sometimes  has  definite 
crystal  form,  with  the  common  hexagonal  sections  from  the  base  and 
rectangular  sections  from  tlie  prism.  Biotite  is  an  accessory,  but 
tourmaline*  has  disappeared  and  does  not  reappear  between  this  point 
and  the  syenite.  Microperthite  occurs  in  intersertal  contact  with  the 
cordierite,  but  is  only  a  rather  rare  accessory.  Besides  ilmenite  or 
titaniferous  magnetite,  the  iron  compounds  include  both  pyrite  and 
pyrrhotite.  The  test  for  the  occurrence  of  the  latt-er  mineral  and  the 
method  of  its  detennination  in  amount  are  the  same  as  has  been  out- 
lined above.  The  stronj^  basicity  of  the  hornfels  is  noteworthy,  as 
well  as  the  higli  content  of  alumina.  The  latter  easily  explains  the 
richness  of  the  rock  in  corundum''  (see  Table  11,  col.  2). 


n  Cf  J.  Mf>rozewicz,  Exponmentelle  Untersuchnngun  Qberdle  Bilduug  der  Minerale  im 
Tacher.  Mm  uud  Petrog.  Mitth.,  Vol  XVIU,  IbUb.  p.  6*. 
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Table  II. — Analyses  of  cordierite-hornf els. 


1. 

1 

^' 

3. 

4. 

SiO, 

TiO, .-- 

58.35 
0.87 

21.30 
0.30 
6.00 
2.10 
0.85 
1.60 
5.63 

«0.86 
0.31 

None. 
0.18 

None. 
0.03. 

Undet. 
0.19 
0.53 
0.03 
0.18 
0.05 

Trace. 
Strong  tr. 

Trace. 

60.40 

45.30 
1.48 

30.51 
0.24 
8.80 
3.11 
0.90 
1.65 
4.84 

"1.05 
0.26 

Trace? 
0.12 
0.04 
0.04 
0.04 
0.36 
■     0.96 
0.02 
0.20 
0.03 

Trace. 

1        55.68 

21.91 
2.63 
6.90 
3.57 
0.89 
1.01 
6.34 

'«1.41 

56.88 

*^^«  -----   —  -.  — ._--....  — ... 

AloO. .* 

20.86 

Fe,0. - - 

2.66 

A  ^-^^-'B    ---  — —  -  — ._---. 

FeO 

MgO - 

CaO -- 

4.54 
8.15 
1.29 

NajO 

0.91 

K,0 

7.49 

H,0  above  110"  C.  - 

H,0  below  110^  C 

CO,. 

«2.36 

P.Oc 

so» 

CI .-- 

F - 

FeSj 

Fe^Sg -. 

NiO,CoO..        ...- 

MnO 

BaO 

SrO 

lAJO 

Strong  tr. 

? 

<^0.17 

CnO 

C 

- 

• 

o=F.a--. 

99.71 

0.31 
2.673 

100.12 
0.02 

100.34 

100.14 

Totals 

Sp.  er .- 

100.10 
0.19 
2.835 

a  Lo88  on  ignition. 

b  Another  sample  gave  0.08  per  cent  carbon  and  no  OOs. 

o  Another  sample  gave  0.08  per  cent  carbon  and  0.04  per  cent  GOf. 

1.  Cordierite-blotite-micropertbite-homfels.  a  phase  of  the  ezomorphic  zone 
100  feet  (31  meters)  from  the  contact,  north  side,  Ascntney  Monntain;  analysis  by 
Hillebrand. 

2.  Cordierite-comndmn-pleonaste-honifels,  taken  from  the  same  cross  section 
of  the  exomorphic  zone  as  No.  1,  25  feet  (8  nieters)  from  the  contact;  analysis  oy 
HUlebrand.' 

8.  Cordierite-biotite-orthoclase-homfels,  Schaida,  S.  Carinthia;  analysis  by 
Graber,  Jahrb.  der  K.-k.  geol.  Reichsanst.,  1897.  Vol.  XLVII,  p.  290. 

4.  Cordiente*biotite*plagioclase-homfels,  M.  Doja,  S.  Carintliia:  analysis  by 
Von  Zeynek.    See  Graber,  ibid.,  p.  290. 
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6  feet  and  1  foot  {1.8  meters  and  0,3  meter). — ^A  specimen  taken  at  a 
point  6  feet  from  the  contact  (spec.  123),  and  another  taken  from  a 
point  only  1  foot  from  it  (spec.  122),  are  very  similar  to  each  other 
and  to  the  phase  just  described.  There  is,  however,  a  decrease  In 
corundum  and  an  increase  in  pleonaste,  which  now  possesses  perfect 
crystal  form.  The  octahedra  are  excellently  developed,  and  are 
furthermore  interesting,  as  they  show  the  octahedral  cleavage,  which 
is  seldom  seen  in  rock-forming  occurrences.  The  clustering  habit  of 
the  pleonaste  is  strongly  marked  in  both  specimens.  Corundum  often 
appears  as  a  core,  about  which  the  concentration  of  pleonaste  took 
place.  In  other  cases,  the  grouping  is  wholly  in  quartz  crystals  in  a 
manner  similar  to  that  already  noted  for  the  clusters  in  cordierite. 

This  study  of  the  cross  section  of  the  aureole  may  be  summarized 
in  tabular  form  as  follows: 


Sunmiary  of  cross  section  of  series  A  of  metamorphic  aureole. 


Distance  from 
the  contact. 

Feet. 

Meters. 

600 

183 

500 

154 

400 

122 

300 

91 

250 

77 

Compound  name  of  aareole  phase, 
showing  its  essential  constitation. 


Unaltered  arg^illaceons  phyllite . 

The  same,  cmmpled 

Cmmpled  chloritic  phyllit-t^ 

Cordierlte-quartz-homfels 


Accessory  and  subordinate  ndneral 
constituents. 


150 

46 

100 

31 

50 

15.5 

25 

8 

6 

1.8 

and 

aud 

1 

0.3 

Pseudo  -  miarolitic  cordieriie- 

biotite-ciuartz-microjierthite- 

homfels. 
Cordierite  -  garnet  -  pleonaste- 

(iuartz-homfels. 
Cordierite  -  biotite  -  microi^erth- 

ite-homfels. 
Cordierite  -  pleonaste  -  micro- 

perthite-hornfels. 

Cordierite-conindum-pleonaste- 
homfels. 

Cordierite-pleonaste-corundum- 
homfels. 


Pyrite,  pyrrhotite  (?),  ilmenite, 
carbonaceous  matter. 
Do. 
Do. 

Biotite,  pleonaste,  epidote,  pyr- 
rhotite, pyrite,  ilmenite,  car- 
bon. 

Pyrite,  pyrrhotite,  ilmenite,  car- 
bon, tourmaline,  garnet,  horn- 
blende, zircon. 

Pyrite,  pyrrhotite,  comndnm,  il- 
menite, carbon. 

Pyrite,  pyrrhotite,  pleonaste, 
carbon  (graphite  ?) ,  ilmenite. 

Pyrrhotite.  pyrite.  biotite,  ilme- 
nite. carbon  (graphite  ?) ,  tour- 
maline. 

Biotite,  microperthite,  pyrrho- 
tite, pyrite,  ilmenite,  carbon. 

Do. 
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Series  b  of  specimens  from  the  metamorphic  aureole. 

A  second  suite  of  specimens  was  collected  from  a  section  across  the 
metamorphosed  belt  just  south  of  Brownsville.  The  aureole  is  here 
at  least  600  feet  wide,  the  relatively  greater  breadth  being  probably 
due  to  the  proximity  of  the  diorite  as  well  as  the  syenite.  The  effects 
produced  by  the  intrusives  are  practically  the  same  as  in  Series  A. 

600  feet  (183  meters). — Six  hundred  feet  from  the  contact  along  the 
strike  and  500  feet  across  it  (spec.  136),  garnets,  tourmaline,  corundum, 
and  a  little  cordierite  are  already  found  in  the  phyllite,  which,  in  its 
unaltered  phase,  is  more  quartzose  than  in  Series  A.  The  quartz 
preserves  much  of  its  original  importance;  it  is  charged  to  a  remark- 
able degree  with  liquid  inclusions,  often  containing  gas  bubbles. 
Biotite  is  present,  and  is  also  doubtless  inherited  from  the  original 
schist.  Rare  epidote  is  accessory.  No  feldspar  is  recognizable.  Cer- 
tain colorless  grains  with  high  single  and  low  double  refraction  have 
the  appearance  of  andalusite,  but  its  presence  could  not  be  proved 
on  account  of  the  small  size  of  the  individuals. 

300  feet  (91  meters), — Three  hundred  feet  from  the  contact  pleonaste 
appears  as  small  disseminated  grains  for  the  first  time  (spec.  135). 

100  feet  (31  meters),— One  hundred  feet  from  the  contact  the  schis- 
tose structure  is  no  longer  visible  macroscopically,  though  it  appears 
in  the  thin  section  (spec.  134).  The  biotite  assumes  a  concretionary 
rather  than  a  plane-parallel  arrangement.  The  increased  importance 
of  cordierite  and  the  entrance  of  a  few  needles  of  sillimanite  are  the 
other  chief  points  of  difference  from  the  last  locality. 

^5  feet  (14  meters), — At  45  feet  pleonaste  and  corundum  are  quite 
prominent,  both  in  abundance  and  in  size  of  the  individuals  (spec. 
133).  Sillimanite  increases  in  quantity.  Andalusite  is,  as  before, 
doubtfully  present. 

15  feel  (5  meters), — At  15  feet,  tourmaline  is  added  to  the  list  of 
essentials  (spec.  132).  The  pleonaste  has  two  types  of  aggregation. 
Besides  appearing  on  the  familiar  clusters,  it  accumulates  in  long 
strings,  which  reach  2  millimeters  or  more  in  length  and  have  a  uni- 
form breadth  of  about  0.1  millimeter,  reminding  one  of  the  linear 
development  of  chlorite  in  the  classic  desmosite  (PI.  Ill,  A),  This 
second  kind  of  aggregation  does  not  seem  to  have  any  fixed  relation 
to  single  individuals  of  other  constituents,  and  the  masses  of  pleonaste 
pierce  the  rock  in  all  directions.  Again,  this  mineral  is  inclosed  by 
the  cordierite  in  a  way  not  observed  elsewhiBre  in  the  aureole.  Numer- 
ous rectangular  grains  of  spinel  may  be  arranged  with  their  longer 
axes  parallel  to  the  chief  axis  of  the  cordierite  host.  Idiomorphic 
cordierite  also  incloses  prisms  of  tourmaline  with  a  similar  orienta- 
tion. Corundum  is  first  seen  here  to  assume  a  crystal  form.  Silli- 
manite is  a  common  accessory. 

Sfeet  (1.5  Tneters). — A  specimen  (No.  131)  taken  only  5  feet  from  the 
contact  shows  a  rarity  of  metamorphic  minerals  which  can  only  be 


PLATE    III. 

Ay  Homfels  containing  abnndant  pleonaste  (black,  of  high  relief)  and  cornn- 
dnm  (white,  of  high  relief)  in  a  matrix  composed  chiefly  of  cordierite  (a  charac- 
teristic linear  aggregate  of  pleonaste  is  conspicuous) ;  ordinary  light,  X  12.  (See 
p.  39.)  dbmpare  with  PI.  II,  ^1  and  B^  illustrating  the  same  phylUte  from  which 
this  homfels  has  been  produced  by  contact  metamorphism. 

By  Thin  section  of  quartz-bearing  homblende-biotite  diorite,  showing  an  aiiatite 
crystal  inclosing  a  core  of  brown  glass;  ordinary  light,  X  50. 
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explained  as  characterizing  a  phase  of  the  Hchist  which  was  originally 
less  richly  charged  with  the  argillaceous  material  that  has  elsewhere 
yielded,  under  the  metamorphic  process,  the  minerals  above  mentioned. 
The  schistose  structure  is  reverted  to;  garnet,  pleonaste,  corundum, 
and  tourmaline  are  present,  but  are  very  subordinate  and  confined  to 
the  structure  planes.  Intersertal  microperthite  forms  an  accessory 
it  shows  occasionally  the  Carlsbad  twinning. 

At  the  contact  there  is  the  same  relative  poverty  in  metamorphic 
products  and  probably  for  a  similar  reason  to  that  adduced  for  the 
last  phase  (spec.  130).  The  rock  is  a  compact  mass  of  quartz,  chlori- 
tized  biotite,  and  pleonaste,  with  ilmenite,  tourmaline,  cordierite,  and 
corundum  as  accessories. 

SERIES  C  OF   SPECIMENS    FROM    THE    METAMORPHIC    AUREOLE. 

A  third  suite  of  specimens  illustrating  the  contact  zone  was  col- 
lected on  the  south  side  of  the  mountain.  The  phenomena  are  essen- 
tially similar  to  those  in  Series  A.  It  would  be  unprofitable  to  give  a 
detailed  description  of  them,  as  it  would  be  in  the  nature  pf  repetition. 
The  perfection  of  the  crystallization  of  corundum  is,  however,  worthy 
of  special  note.  Within  the  belt  10  feet  (3  meters)  or  more,  measured 
out  from  the  contact,  it  is  an  abundant  essential  constituent  of  the 
rock.  Both  basal  and  prismatic  sectious  of  the  idiomorphic  and  gran- 
ular crystals  exhibit  cores  of  vivid  blue  in  the  otherwise  colorless  min- 
eral. Each  of  these  cores  is  oriented  with  the  longer  axis  parallel  to  the 
chief  axis  of  the  corundum  individual.  Rotated  over  the  polarizer 
alone,  the  basal  section  shows  no  change  of  color;  in  other  sections 
a  striking  pleochroism,  from  deep  blue  to  colorless,  is  characteristic. 

COMPARISON  OF  THE  METAMORPHIC  EFFECTS. 

The  constant  nature  of  the  metamorphism  is  indicated  not  only  by 
the  correspondence  of  these  three  series  of  specimens,  but  also  by 
many  specimens  collect/cd  from  points  isolated  in  the  contact  zone  and 
not  connected  in  the  serial  arrangement  of  a  cross  section.  Wherever 
the  comparison  could  be  fairly  instituted,  the  alteration  of  the  phyl- 
litic  rocks  was  seen  to  be  of  the  same  character,  whether  produced  by 
syenite,  granite,  or  gabbro-diorite.  It  is  another  illustration  of  a  now 
familiar  fact — that  so  widely  divergent  intrusive  types  as  granite, 
syenite,  diorite,  diabases,  and  peridotite  may  form  similar  types  of 
hornfels.* 

The  general  order  of  the  metamorphic  effects  to  be  observed  as  one 
approaches  the  contact  may  be  stated  as  follows: 

At  500  feet  or  less  from  the  contact  there  begins  to  be  apparent  a 
distinct  loss  of  schistosity  in  the  phyllite.  The  rock  gains  in  massive- 
ness  and  in  specific  gravity.     The  extent  of  these  changes,  as  of  all 


"Ct.  Lacroix,  Oomptee  Rendus,  18  f^yr.,  1HB5. 
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the  others,  is  manifestly  controlled  by  the  nature  of  the  x>Hrticalar 
ph3'llitie  band  studied.  The  dominant  mlneralogical  essential  of  the 
aureole  is  cordierite,  which  appears  suddenly  and  abundantly  in  the 
outer  part  of  the  aureole.  Second  in  importance  to  that  mineral  is 
pleonaste,  assuming  greater  quantitative  importance,  and  greater  size 
and  perfection  of  crystal  form  in  its  individuals  as  the  contact  is 
neared.  Metamorphic  biotite  is  likewise  abundant.  Its  increase 
means,  as  a  rule,  a  decrease  of  pleonaate  in  that  particular  phase. 
Corundum  behaves  like  the  spinel  in  its  progressive  development 
toward  the  contact,  but  appears  later  in  the  section.  Sillimanite  is 
confined  to  the  inner  part  of  the  zone,  but  is  never  abundant.  Garnet, 
tourmaline,  and  andalusite  (?)  are  sporadic,  appearing  and  disappear- 
ing irregularly  in  the  cross  section,  though  more  likely  to  appear  at 
its  inner  extremit}'. 

Feldspathization  characterizes  the  aureole  as  far,  at  least,  as  300 
feet  {Ul  meters)  from  the  intrusive.  It  is  highly  pi'obable,  however, 
from  the  evidence  of  the  hornfels  anal3^ses  and  of  the  microscopic 
examination,  that  the  transfer  of  material  fi'om  the  stock  magmas  to 
their  country  rock  is  but  subordinate  in  quantity.  The  mere  heat  of 
the  intrusion  would  doubtless  have  been  sufficient  to  produce  some 
of  the  more  important  new  minerals.  Cordierite  and  spinel  in  abun- 
dance have  l)een  formed  in  coal-l)earing  mica-slates  (schists)  through 
the  melting  up  of  the  slates  during  the  combustion  of  the  coal.*' 
These  minerals  hav^e  also  been  observed  to  l>e  t  he  result  of  the  altera- 
tion of  the  micaceous  inclusions  caught  up  by  volcanic  flows.  The 
question  as  t-o  just  how  much  material  has  b(»en  added  to  the  schists, 
either  as  alkaline  silicate  or  in  other  form,  can,  however,  not  be  satis- 
factorily and  finally  discussed  until  the  same  phyllitic  band  has  been 
followed  across  the  aureoU*  and  analyses  been  made  from  that  band 
wliere  it  is  unaltered  as  well  as  where  it.  has  been  strongly  metamor- 
phosed. So  far  it  has  proved  api)arently  impossible  to  follow  any  one 
band  across  the  whole  zone.     The  only  analysis  yet  made  of  the  unal- 

ft  ^  %f 

tered  schist  relat(»s  to  a  quartzitic  phase  ()utcrop[)ing  at  a  dist-ance 
from  the  mountain  (see  Table  1).  If  all  the  soda  and  potash  in  even 
that  phase  were  to  enter  into  the  proper  combinations  with  the  alumina 
and  silica  as  much  as  ten  per  cent  or  thiM-eabouts  of  alkaline  feldsjwir 
would  result.  The  belief  that  feldspathization  has  really  occurre<l 
would  thus  be  more  strongly  uplield  by  th«^  p(»euliar  nature  of  the 
actual  mieropertliitic  intergrowth,  so  similar  in  every  respect  with  the 
feldspar  of  the  adjacent  syenite,  and  by  tln^  nonoccurrence  of  that 
intergrowth  in  th«^  ph^'llite  outside  the  aureole,  rather  than  by  the  evi- 
dence derived  from  the  analysis  of  an  unaltered  phvllite  more  argil- 
laceous than  the  (juartzitic  i>hase. 

A  list  of  the  metamorphic  constituents  of  the  aureole,  arranged  in 
the  relative  order  of  abundance  as  nearly  as  may  be  by  mere  inspection 
of  thin  sections,  may  complete  this  brief  summary. 


<»  La<Troix,  Lea  enclaves  dea  roohes  volcnniques,  Macon,  1893,  p.  577. 
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List  of  metaniorphic  constituentH  of  the  aureole. 

In  the  L1ME8TONK8. 

Epidote. 

Grossrilarite. 

Scapolite. 

Hornblende. 

Titanite. 

In^HB  PHTLIillnES. 

Cordierite. 

Biotite. 

Pleonaste. 

Comndnm. 

Lime-iron  garnet. 

Sillimanitti. 

Pyrrhotite. 

Pyrite. 

Tourmaline. 

Andalnsite  (?). 

Graphite  (?). 

Microperthite         lint  rod  need  sub- 

Qnartz  Istance  of  the  ''psen- 


Brown  hornblende 
Biotite 


do-miaroles '  ^    and 
intersertal  areas. 


There  are  strong  resemblances  between  this  list  and  those  made 
out  by  G.  II.  Williams  at  the  Cruger's  section  (diorites  of  the  Cort- 
landt  series  metamorphosing  biotite-muscovite  schists),*  and  by  Teller 
and  Von  John  in  the  Tyrol  (norites  and  diorites  cutting  phyllites  and 
gneisses).^ 

SUMMARY. 

The  schists  display  unequal  effects  of  contact  metamorphism  where 
they  lie  in  contact  with  the  intrusive  bodies.  As  whs  to  be  expected, 
the  gneisses  are  much  the  more  stable  and  exhibit  little  mineralogical 
change  even  close  to  the  eruptive  contacts,  but  the  abundant  argil- 
lacous  material  of  the  phyllites  has  been  extensively  recrystallized 
into  a  well-defined  zone  of  hornfels.  Cordierite,  pleonaste,  biotite, 
garnet,  corundum,  and  epidote  form  the  chief  secondary  minerals  thus 
developed.  The  limestone  bands  have  richlj'  yielded  grossularite  and 
epidote  in  the  same  contact  zone.  Repeated  occurrences  of  intersti- 
tial micro{)erthitic  feldspar  lead  to  the  conclusion  that,  during  the 
intrusion  of  the  syenites  and  granite,  feldspathization  of  the  phyllitic 
country  rock  has  taken  place. 


a  Am.  Jour.  Sci.,  3d  series.  Vol.  XXXVI,  1888,  p.  264. 

l» Jahrbach  K.-k.  geol.  Reichsanstalt,  Vol.  XXXII,  1882,  pp.  655  and  ff. 
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CHAPTER    IV. 

THE  ERUPTIVE  ROCKS. 
GENERAIi  TABIiE  ANI>  CORRELiATION. 

It  was  thus  into  a  series  of  tilted  metamorphosed  sediments  that  the 
irruptions  with  which  we  are  here  particularly  concerned  began  (see 
PL  VII).  The  variety,  as  well  as  the  relative  ages  of  the  resulting 
rock  bodies,  is  indicated  in  the  accompanying  table,  which  gives  a  sum- 
mary statement  of  the  succession,  from  the  oldest  to  the  youngest 
intrusive: 

Tablk  III. — Rock  bodies  remilting  from  the  irruptions, 

(From  oldeHt  to  yonngost.) 

A.  Basic  stock  of  five  chief  phases,  viz: 

a.  Angite-gabbro. 

b.  Homblende-biotite-augite-gabbro. 

c.  Biotite-homblendeKliorite. 

d.  Biotite-aiigite-hombleiide-diorite. 

e.  Orth(K*la8e-microperthite-l)earinghc)nihlende-biotite-<liorite  (containing 

basic  segregations)  =  acrid  essexite. 
This  stock  is  cut  by — 

1.  Reticulate  intrusions  (forming  intrusion-breccias)  of  augite-biotite-diorite 

with  and  without  essential  hornblende. 

2.  Dikes  of  "  windsorite,"  the  alkaline  equivali'nt  of  grainxliorite. 

3.  Nordmarkite  porphyry  stock-like  dike  of  Little  Ascutney  (bearing  basic 

segregations  and  cut  by  Nos.  6  and  7). 

4.  Main  stock  (B)  of  Ascutney  Mountain  and  its  apophysc^s. 

5.  Pulaski te  ((juartzless  biotite-nordmarkite)  stmrk  of  Pierson  Peak. 

6.  Homblende-i)aisanite  dike  (cut  by  camptonites). 

7.  Camptonite  dikes. 

8.  Dialjase  diKes  (?). 

B.  Main  st<H"k  of  Ascutney  Mountain,  of  four  chief  i)hase8.  viz: 

f.  Homblende-biotite-nordmarkite  of  granitic  structure  (l>earing  basic 

segregations) . 

g.  Homblende-biotite-augite-nonlinarkite  of  i>ori)hyritic  structure  (bear- 

ing basic  segregations), 
h.  Alkaline  granites  without  essential  bisilicates. 
i.  Monzonite. 
Tliis  stock  is  cut  by — 

9.  Hornblende  paisanite  dikes. 

10.  Camptonite  dikes. 

11.  Diabase  dikes. 

12.  Common  muscovite  aplite. 
18.  Stock  C. 

C.  St<x*k  of  alkaline  biotite-granite  (l)earing  l>asic  segregations). 
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A  general  correlation  of  these  Intmslves  in  terms  of  eruptive  periods 
and  composition  may  be  made  in  the  form  of  a  second  table : 

First  eruptive  period. A  (a,  b,  c,  d,  e)  ^  ^^^^^^^^^^  ^^^^^^  ^ 

Second  eruptive  period 1  and  2  ) 

Third  eruptive  period -®  ^^' «<' ^' ^)' ^  *^^ '"^  Uyenitic magma. 

Fourth  eruptive  period 6  and  9) 

Fifth  eruptive  period C  and  12  Granitic  magma  and  aplite. 

Sixth  eruptive  period 7  and  10,  8  and  11  Lamprophyres. 

The  reference  of  the  individual  intrusives  to  the  different  magmas 
or  their  derivatives  is  indisputable  except  in  the  case  of  No.  2,  which 
is  intermediate  both  in  composition  and  in  geological  age  between  the 
Basic  stock  and  the  Main  syenite  stock.  The  reference  to  the  differ- 
ent eruptive  i)eriods  as  stated  in  the  table  is  to  some  extent  arbitrary. 
The  stocks  A,  B,  and  C  certainly  followed  one  another  in  the  order 
named.  As  the  map  shows,  the  conduit  through  which  the  substan- 
tial contributions  to  the  whole  mass  were  made  migrated  from  west 
to  east.  The  intimate  field  relations  of  A,  1  and  2,  seem  to  show  that 
all  tliree  antedat<3  the  syenites.  Nos.  1  and  2  cut  A  and  are  probably 
older  than  B  or  its  equivalent.  Nos.  3  and  5  are  correlated  with  B 
on  the  ground  of  close  mineralogical  and  structural  similarity;  they 
are  clearly  older  than  Nos.  G  and  9,  which  were  probably  not  strictly 
contemporaneous.  Though  stock  C  also  cut«  B,  it  is  probably  not 
contemporaneous  with  No.  6  or  No.  9.  It  is  prolmble,  though  not 
proved,  that  stock  B  is  older  than  the  lamprophyres,  which  are  cer- 
tainly younger  than  all  the  syenitic  intrusions. 

In  all  the  stocks  and  in  many  dikes  of  the  area,  nodular  masses  of 
segregational  basic  materials  occur.  They  are  most  common  in  the 
syenites,  less  so  in  the  alkaline  granite  stock,  and  comparatively  rare 
in  the  diorities.  These  nodules  were  early  noted  and  described  by 
Edward  Hitchcock  and  others,  and  remarked  for  their  extreme  abun- 
dance. They  will  be  treated  of  in  some  detail  in  the  following  page« 
in  connection  witli  the  petrographical  description  of  their  parent 
rocks. 

It  will  be  seen  that  among  the  petrographical  methods  employed, 
those  for  the  determination  of  the  feldspars  have  l)een  in  the  most 
constant  re([uisitioii.  In  oNler  to  avoid  rei)etition  and  a  certain  degree 
of  monotony  in  the  description,  the  actual  readings  on  which  the 
determinations  of  the  various  species  have  l)een  based  are,  as  a  rule, 
not  given  in  the  text.  In  general,  several  independent  methods  have 
been  used  for  each  determination.  Examples  of  these  are  noted  in  the 
discussion  of  the  rocks  composing  the  largest  stocks  examined.  In 
the  compound  names  of  some  of  the  rock  types,  as  well  as  in  the  tables 
of  mineralogical  composition,  the  mineral  constituents  are  entered  in 
the  order  of  decreasing  importance  in  their  respective  rocks. 

a  A  Tnagma  intermediate  in  avera^o  (^omptiHition  between  {(ahbiV)  and  dioHte.    Tbe  adjective 
is  not  derived  from  the  term  ''gabbro-diorite/'  a8  luied  by  (t.  H.  WilliamA  or  by  Tdrnebohm. 
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GABBR08,  DIORITES,  AND  RELiATED  BOCKS. 

BASIC  STOCK;  QABBRO  AND  DIORITE  PHASES. 

The  oldest  of  the  intrusives  illustrates  the  common  characteristic 
of  basic  stocks  in  exhibiting  considerable  variation  of  comx>osition, 
structure,  color,  and  texture  in  its  rock  types.  A  large  number  of 
thin  sections  were  made  from  specimens  collected  in  all  parts  of  the 
stock.  They  show  that  its  material  occurs  in  the  form  of  five  differ- 
ent phases,  repeatedly  occurring  in  more  or  less  typical  form,  and 
connected  with  one  another  by  transitions.  All  five  seem  to  have  been 
differentiated  from  the  product  of  a  single  intrusion.  That  we  have 
here  to  do  with  an  eruptive  of  a  truly  exotic  nature  is  abundantly 
proved  at  almost  any  point  of  the  schist  contact.  Both  to  the  north 
and  to  the  south  of  Little  Ascutney  excellent  examples  of  intrusive 
dikes  and  sills,  plainly  apophysal  f  i*om  the  massive  rock,  are  to  be 
found  cutting  the  gneisses.  The  horses  of  schistose  rock  are  so  abun- 
dant at  many  conUicts  as  to  make  up  veritable  flow  breccias,  and  frag- 
ments are  occasionally  found  several  hundred  3'ards  from  the  contact. 

Phase  d  is  the  one  rock  type  from  the  Basic  stock  which  has  been 
chemically  analyzed.  It  is  somewhat  more  acid  than  the  average 
type,  but  it  was  selected  on  account  of  its  relative  freshness.  The 
specimen  analyzed  (Table  IV,  col.  1)  was  taken  from  some  blasted 
ledges  alK)ut  100  yaitls  north  of  Mr.  Pierscm's  house,  on  the  notch  road 
between  the  two  Ascutneys.  It  is  a  fairly  coarse-grained  dark  bluish- 
gray  quartz-diorite  of  typical  hypidioinorphic  granular  structure,  in 
which  tlie  essential  dark-colored  silicates  are  biotite  and  a  diopsidic 
augite  with  subordinate  brown  hoi'iiblendo  (spec.  35). 

The  feldspar  of  tlie  rock  is  almost  always  multiple-twinned,  follow- 
ing the  albito  law,  more  rarely  the  pericline  law.  The  verj*^  common 
association  of  albite  and  Carlsbad  twinning  in  the  slide  makes  it  pos- 
sible to  determine  the  feldspar  with  a  high  degree  of  accuracy.  In 
addition,  Becke's  nietlK)d  of  differential  single  refraction,  the  reading 
of  extinctions  on  cleavage  pieces  and  on  sections  cut  parallel  to 
the  bissectriccs,  and  the  i)rineiple  of  eciual  illumination  in  the  zoned 
individuals  agreed  well  in  establishing  the  average  mixture  of  the 
soda  and  lime  molecules  as  one  slightly  more  acid  than  the  basic  oli- 
goclase,  Ab.^  Auj.  Y(»t  single  individuals  ma}'  vary  from  the  acid 
oligoclase  Ab,  An,  to  bytownite  Ab,  An^.  Zoned  crystals  are  com- 
mon. The  (»()res  range  from  Ab,  Auj  to  Ab^  An,,  with  an  average  close 
to  the  andesine  Ab^  Aiig,  while  the  outer  zones  seem  to  be  invariably 
more  acid,  with  an  upper  limit  at  the  acid  olij>()clase  Al)4  An,. 

The  toh^rably  high  percentage  of  potash  in  the  analysis  leads  one  to 
suspect  a  potash  feldspar,  but  diligent  s<'arch  has  so  far  failed  to 
establish  th(»  presence  of  either  orthoclase  or  microcline.  The  refrac- 
tion of  the  rare  untwinned  individuals  was  carefully  compared  in  a 
number  of  slides  with  the  n^fractiou  of  (luartz  and  undoubted  plagio- 
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clase,  and  showed,  often  with  the  corroboration  of  convergent  light, 
that  these  untwinned  individuals  are  likewise  soda-lime  feldspars 
averaging  basic  oligoclase.  The  determination  of  orthoclase  in  the 
rock  powder  is  impossible  because  the  basic  oligoclases  and  acid 
andesines  occur  in  such  profusion.  The  potash  of  the  analysis  must, 
then,  be  referred  primarily  to  the  biotite,  and,  in  a  notable  degree,  to 
isomorphic  mixture  with  the  soda-lime  feldspar.  That  there  must  be 
some  potash  outside  of  the  biotite  is  not  to  bo  doubted,  for,  granting 
the  high  proportion  of  10  per  cent  of  potash  in  the  biotite,  and  credit- 
ing that  mineral  with  all  the  oxide,  there  must  be  at  least  23.4  per 
cent  biotite  in  the  rock.  Inspection  shows  that  even  that  minimum 
proportion  of  the  mica  is  not  represented,  although  it  is  next  the  feld- 
spar in  abundance.  It  has  the  usual  proj)erties  of  biotite  from  normal 
granitic  rocks — powerful  pleochroism  and  absorption  in  brown  and 
yellow  tones,  extremely  small  optical  angle,  and  parallel  extinction. 

The  augite  is  crystallized  both  alone  and  in  the  form  of  intergrowths 
with  hornblende.  In  both  cases  the  habit  of  the  mineral  is  that  of 
common  diopsidic,  colorless  to  pale  greenish,  allotriomorphic  indi- 
viduals from  1  to  0  millimeters  in  diameter.  A  third  cleavage  parallel 
to  (100)  occurs  in  a  few  sections.  Twinning  parallel  to  (001)  is  not 
rare.  Pleochroism  is  absent.  The  alteration  is  largely  confined  to 
chloritization,  but  paramorphic  changes  to  a  uralitic  amphibole  are 
common. 

The  brown  hornblende  almost  invariabl}^  forms  intergrowths,  either 
irregular  or  oriented  in  parallel  fashion  with  augite.  In  all  cases  the 
mineral  is  doubtless  i^rimary.     The  pleochroism  is  as  follows: 

a.  Pale  grayish  yellow. 

b.  Greenish  brown  with  a  tinge  of  olive  (medium  absorption). 

c.  Brown  (medium  to  strong  absorption). 
c>b>a. 

The  prismatic  angle  is  55°  32'  (average  of  measurements  on  eight 
cleavage  pieces).  The  e\tinction  on  (110)  is  about  12°  30',  and  on 
(010)  about  15°.  It  is  seen  that  the  mineral  belongs  to  a  common 
variety  of  amphibole. 

Quartz  forms  allotriomorphic,  cementing  grains  which  represent 
the  last  stage  in  the  crystallization  of  the  ro(»k.  It  is  never  present 
in  large  amount.  Gas  and  liquid  inclusions,  often  simulating  nega- 
tive crystals  in  form,  are  common,  particularly  in  the  coarser-grained 
specimens  of  the  rock. 

Apatite  needles  and  larger  crystals  are  abundant.  A  charact<*ris- 
tic  feature  of  this  accessory  is  the  common  inclusion,  in  the  form  of 
elongated  cores,  of  isotropic,  i)robably  glass,  bodies  of  a  deep-brown 
color  (PI.  Ill,  B.) 

Ilmenite  or  titaniferous  magnetite  and  primary  titanite  with  weak 
pleochroism  are  important  accessories.  Large  zircon  ci*ystals  and 
occasional  grains  of  pyrito  complete  the  list  of  accessories. 

The  structure  is  hydiomorphic-granular.      The  feldspar  is  often 
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idiomorphic  against  both  augite  and  quartz.  The  biotite  is  always 
idiomorphic  against  quartz,  rarely  against  feldspar,  and  may  inclose 
all  the  other  constituents  in  poikilitic  fashion.  The  augite  is  usually 
intersertal  with  reference  to  the  feldspar  and  incloses  all  the  accesso- 
ries. The  sequence  of  crystallization  appears  to  have  been  (in  order 
from  the  oldest  to  the  youngest  mineral)  as  follows: 

Apatite. 

Titanite,  zircon  and  ilmenite. 

Feldspar. 

Angite  (and  hornblende) .      Nearly  contemporaneons. 

Biotite. 

Quartz. 

The  eomiK>sition  of  the  biotite,  augite,  and  hornblende  not  being 
known,  it  is  not  possi1)le  to  calculate  the  analj'sis.  The  analysis 
agrees  with  the  microscopic  examination  in  placing  this  rock  decid- 
edly in  the  class  of  true  diorites,  as  a  hiotiie-axi^Ue'liorrMeiid^'diorile. 
For  ease  of  reference,  columns  2  and  3  are  entered  in  Table  IV  in 
order  to  show  the  similarity  between  our  rock  and  a  fair  average 
diorite  and  also  the  limits  of  chemical  variation  which  can  be  found 
in  a  list  of  typical  analyses  from  that  rock  group.  From  its  field 
associations  one  might  expect  the  Basic  stock  to  have  given  a  higher 
proportion  of  alkalies  in  its  average  i>hase.  For  this  reason  column 
4  has  been  added  to  point  the  dissimilarity  between  the  Ascutney 
rock  and  essexite,  the  alkaline  type  nearest  to  it  in  general  habit. 
The  absence  of  monoelinic  feldspar  and  of  olivine  among  the  con- 
stituents, and  the  relatively  low  proportion  of  soda  and  of  fen*ic  iron 
compared  to  the  essexite,  serve  to  dispel  the  a  priori  notion  that  the 
alkaline  stocks  on  the  ea»t  should  be  accompanied,  in  their  common 
conduit,  l)y  an  intrusive  of  essexitic  or  allied  alkaline  habit  if  that 
intrusive  were  to  be  a  plagioclase  rock  of  basic  character. 

Flidse  c. — A  second  phase  intimately  allied  to  the  first,  both  in  field 
Halations  and  lithological  characters,  is  represented  in  a  long  series  of 
outcrops  lying  southeast  of  Mr.  Piei'son's  house  on  the  Notch  romi. 
Two  specimens  of  the  brownish-gray,  in(»diuni-grained  rock  were 
select(»(l  at  a  point  500  yards  distant  from  the  house,  and  proved  to 
Ik*  a  nornml  h lot iir-lto ruble nde-diorite,  with  structure  and  accessories 
similar  to  those  in  phase  d  (sp(^c  32).  The  feldspars  generally  show 
two  zones  of  growth;  tlie  cores  average  a  labradoritc  between  Ab,  An, 
arul  Abj  An;^,  tin*  narrower  mantling  zone  a vcraginij:  the  oligocbvse  Abg 
An,.  The  average  soda-lime  feldspar  is  probably  close  to  that  of  the 
analyzed  phase.  The  chief  difference  from  the  latter  rock  lies  in  the 
rei)lac(*ment  of  the  augite  by  an  idiomorphic  brown  hornblende  of 
much  deeper  absorption  than  that  characterizing  the  int(*rgrown  horn- 
bh^nde  of  phase  d.  Here  the  scheme  of  absorption  is:  a.  Yellow,  b. 
Deep  bi'own,  with  a  sugg(*stion  of  olive-green,  c.  I)e<*[)  chestnut- 
brown.  •  c>b>aorc  =  b>a. 

One  or  two  large  subidiomorphic*    individuals  of   nt^arl}'  colorless 
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augite  have  been  found  in  the  slides.  In  each  case  a  broad  mantle  of 
the  deep-brown  hornblende  surrounds  the  augite  in  parallel  inter- 
growth.  The  biotite  is  of  the  same  nature  as  in  phase  dy  but  much 
less  abundant  and  seldom  poikilitic. 

Table  IV. — Analyses  of  dwritea  and  esaexite. 


! 

3! 

3. 

4. 

1 

SiO, ' 

MO,  

Fe,0, 1 

FeO ; 

MgO 

52.12 

16.35 
3.68 
6.02 
4.14 
7.25 
3.65 
2.34 
0.88 
0.25 
0.07 
2.10 
0.02 
0.89 
0.09 
0.03 
0.24 

Trac«. 
0.17 
0.04 

Trace? 

Trace. 

56. 52 
16.31 
4.28 
5.92 
4.32 
6.94 
3.43 
1.44 

1        1.03 

52. 00-62. 80 
12. 41-18. 00 
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2.41-12.84 
2.02-  8.0:} 
4.99-  8.98 
2.31-  4.65 
0.  44-  2. 37 

0. 16-  2. 24 

47.94 

17.44 

6.84 

6.51 

2.02 

CaO 

Na,0 

K,0 

7.47 
5.63 
2.79 

H,0  above  HOC 

H,0  below  110   C 

2.04 

CO, 

TiO, 

0.25 

0.03-  1.10 

0.20 

ZrO, 

» .--».•-.. .............. .... 

P.O. 

0.40 

0. 17-  1,06 

1.04 

a 

F 

FeS,  .  . 

* 

NiO,CoO  .... 

MnO 

0.14 

BaO 



SrO         

I 

Li,0 

1 

100. 33 
0.03 

100.98 

99.93 

0=F,C1 

Totals 

100. 30 
0.13 
2.936 

Sp.  KT 

1 .  Biotite-angite-homblende-diorite .  Basic  stock ,  Asc atney  Monntain.    Analysis 
by  Hillebrand. 

2.  Average  of  a  series  of  16  typical  diorites,  compiled  by  Brogger,  Die  Emptiv- 
gesteine  des  Christianiagebietes,  Vol.  II,  1895,  p.  37. 

3.  Limits  of  variation  in  the  above-mentioned  16  analyses. 

4.  Classic  essexite,  Salem  Neck,  Salem.  Mass.    Analysis  by  Dittrich. 

Pliase  b. — At  various  points  in  the  stx)ck,  especially  west  and  south 
of  Pierson  Peak  and  near  the  crest  of  Little  Ascutne}^  ridgo  (spec.  61), 
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the  rook  becomes  coarser  than  in  either  of  the  two  phases  jnst 
described  and  shows  a  distinct  difference  of  composition  from  either. 
At  the  same  time,  repeated  examination  of  ledes  in  the  field  could 
discover  no  difference  of  age  among  the  three.  This  third  phase  ia 
dark  colored  and  remarkable  for  its  richness  in  bisilicates,  which 
have  a  strong  poikilitie  habit.  Augite  and  biotite  of  the  general  char- 
acter of  those  minerals  in  phase  rf,  and  large  independent  crystals 
with  augite  intergrowths  of  brown  hornblende  similar  to  that  in  phase  c, 
are  the  essential  dark-colored  constituents.  The  biotite  has,  how- 
ever, an  optical  angle  considerably  greater  than  elsewhere  observed 
in  the  stock;  it  was  measured  and  found  to  be  a  few  minutes  more 
than  0^. 

A  long  series  of  feldspar  determinations  accorded  with  one's  first 
impn^ssion  of  the  rock  in  studying  tlie  hand  specimen,  that  it  belongs 
to  a  pliase  much  more  basic  than  c  and  d.  The  pi"evalence  and  birge 
size  of  the  Carlsbad  albite  twins  and  the  uniform  behavior  of  the 
feldspar  enables  us  to  static  conclusively  that  the  average  feldspar  in 
this  phase  is  close  to  basic  labradorite,  AbjAug,  with  a  narrow  range 
al>ove  and  below  the  acidity  of  that  mixture.  Primary  quartz  is 
entirely  absent.  Nearly  colorless  titanite  is  esi^cially  abundant,  both 
alone  and  surrounding  the  large  ilmenites  after  the  manner  of 
leuooxene. 

The  basicity  of  this  phase  unquestionably  places  it  among  the  gab- 
bros,  and  it  may  be  called  a  hortihlende-hiofite-augife-gabbro,  not- 
wilhsiiinding  the  absence  of  true  diallago  among  the  constituents.'' 
It  probably  livals  phase  fZ  iu  the  amount  of  surface  covered  in  the 
stock. 

Plutse  (I. — In  tlie  fields  west-southwest  of  Pieraon  Peak  a  fourth 
variant  of  the  rock  outcrops  in  the  form  of  an  unusually  coarse- 
j»rained  type  (s[)ee.  112).  It  is  more  feldspathic  than  phase  h  and 
h(»nc(»  of  a  lighter  color.  Biotite  and  hornbliMide  have  almost  com- 
l)letely  disappeared,  the  foruKM-  being  a  ran*  acc«\ssory,  the  latter 
forming  occasionally  a  mantle  about  augite.  The  light  reddish-brown 
feldspar  is  again  very  uniform  and  averages  the  biisic  labradorite, 
Ab>An3.  The  usual  acc(»ssories  are  present  excepting  quartz.  The 
stiucture  i^  the  hyi)idiomorphie  granular,  but  on  account  of  the  inter- 
sertal  relation  of  the  augite  to  the  feldspar,  it  assumes  the  si)ecial 
habit  of  diabase.  The  poikililic  nature  of  the  augite  is  very  striking. 
The  phas<*  has  th<^  coni[H)siti()n  and  other  characters  of  a  typical 
diabase  excepting  in  its  geological  occurrence.  It  maybe  called  an 
(unjite-tjditlno^  tliouuh  diallage  is  here,  too,  wanting. 

Phdse  e. — Finally,  a  fifth  phases  remains  to  be  notcMl,  which  is  not 
important  on  acconntof  the  amount  of  area  covered  by  it  in  the  stock 
a^  a  whole,  but.  which  merit.s  particular  att^wition  on  account  of  its 


«« Wo  can  c(,t  hut  ftgrf^'  with  .TiuM  (Quart.  Jour.  Orol.  8<jt!..  Vol  XLII,  1ks<})  and  Laoroix  (Bull. 
Wrr\  cartt  ?e<.l  Frantv,  No.  C7,  Vol.  X,  IW.W,  p.  :;7»  in  r»iKa»*diiij^  it  us  indifTon'iit,  f or  porpoDOS 
of  uomeuclature,  whether  th<-  pyroxene  of  u  gubbro  IX)^<Mos.s  thv  (Uallu^ric  structure  or  not. 
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forming  a  transitional  rock  type  between  the  true  gabbros  and  dio- 
rites  on  the  one  hand  and  the  alkaline  rocks  of  the  region  on  the 
other.  This  phase  was  discovered  just  north  of  the  contact  between 
the  stock  and  the  great  syenite-porphyry  dike  of  Little  Ascutney, 
and  opposite  the  middle  of  that  dike.  The  rock  is  fairly  fresh  and 
tolerably  coarse  grained,  and  is  rich  in  feldspar,  brown  hornblende, 
and  biotite  {spec.  59).  Angite  forms  in  a  few  rare  instances  small 
cores  of  hornblende  intergrowths.  The  accessories  common  to  all  the 
phases  are  present,  and,  in  addition,  some  free  interstitial  quartz. 
But  the  feldspars  are  in  great  contrast  to  those  so  far  noted  as  occur- 
ring in  the  stock.  Plagioclase,  averaging  near  the  andesine  AbgAug 
is  dominant;  oligoclase  ranging  between  AbgAuj  and  AbjAuj  is  eom= 
mon.  The  plagioclase  is  sometimes  surrounded  by  a  mantle  of  ori- 
ented microperthite.  What  is  still  more  noteworthy  is  the  existence 
of  much  free  orthoclase  and  microperthite  alongside  the  triclinic 
feldspar.     The  order  of  crystallization  is  as  follows: 

Apatite. 

Titanite,  zircon,  and  ilmenite. 

Angite,  hornblende,  and  biotite. 

Oligoclase-andesine.  • 

Orthoclase  and  microperthite. 

Qnartz. 

The  structure  of  the  rock  is  the  usual  hypidiomorphic  granular. 
Its  true  relation  to  the  diorites  is  indicated  if  we  call  it  an  orthoclase- 
microperthite 'bearing  hornblende- biotite -diorite.  Yet  the  rock  is 
clearly  allied  to  a  somewhat  acid  form  of  essexite. 

BASIC   SEGREGATIONS. 

In  phase  e,  at  the  locality  indicated,  basic  segregations  were  si)ar- 
ingly  found  (spec.SOa).  These  are  of  distinctly  darker  color  than  the 
parent  rock,  and  both  macroscopically  and  microscopically  are  seen 
to  be  finer  grained.  Thej'  are  roundish  in  form  and  average  about  1 
inch  (2.  G  mm. )  in  diameter.  The  boundary  between  nodule  and  parent 
rock  is  not  definite ;  they  merge  into  each  other  in  a  gradual  way.  The 
nodules  are  essentially  composed  of  plagioclase,  hornblende,  and  bio- 
tite grouped  with  a  panallotriomorphic  structure.  The  feldspar  is 
zoned;  the  most  acid  zone  is  the  oligoclase,  Ab^An,,  and  the  average 
feldspar  is  near  labradorite,  Ab, An,.  No  certiiin  orthoclase  or  micro- 
perthitic  feldspar  could  be  identified  in  the  slide.  The  dark  constit- 
uents have  the  usual  properties  of  those  minerals  in  this  stock.  The 
augite  is  more  abundant  here  than  in  the  parent  rock,  though  again 
generally  it  occurs  in  the  form  of  intergrowths  with  the  hornblende. 
Zircon  is  very  rare,  but  apatite  unusually  abundant.  A  little  inter- 
stitial quartz  is  accessory. 
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Table  V. — Analytm  (by  Hillebraml)  of  homblende-bioiite-^iorite  nodule. 

Per  cent. 

SiO, 55.28 

A1,0, 17.28 

Fe,0,.... 1.54 

FeO 6.28 

MgO  _ 2.69 

CaO 6.60 

Na,0 5.42 

K,0 2.12 

H,0  above  110  C-- 0.71 

H,01)elow  110^  C 0.20 

CO, 0.04 

TiO, 1.64 

ZrO^ --.  Trace. 

PA - 0.73 

a.-- 0.07 

F ._ 0.28 

FeS, 0.07 

MiiO 0.34- 

BaO O.Ofl 

SrO Faint  trace. 

LijO • Trace. 

100. 15 
0=F.a 0.13 

100.02 

Totals 0.038 

Sp.  KT  - 2.823 

Tlu^  analysis  of  one  of  these  nodules  agrees  with  the  nii(M*oscopic 
diagnosis  (except  ii\  the  matter  of  structure)  in  placing  it  in  chkssi- 
fication  among  the  liornblende-biotite-diorites  (Table  V).  '  The  high 
soda  relat(^s  the  nodule  to  essexite.  It  is  more  basic  than  its  host, 
thougli  mor(»  acid  than  the  diorite  analyzed  (phase  d.)  The  high 
fluorine  is  again  noteworthy. 

DIORITIC  DIKES  CUTTING  THE  BASIC  STOCK. 

Following  the  consolidation  of  the  Basic  stock  the  same  magma 
whi(^li  it  re[)resents  s<»cms  to  have  becMi  erujiteil  a  se(*ond  time,  and  as  a 
rt^sult  we  have  m^tworks  of  interlacing  dikes  in  various  parts  of  the 
stock.  Tliese  are  oftentimes  so  numerous  as  to  give*  the  ban^  leilges 
the  apinmrance  of  mosaics  on  a  large*  scale.  ( )(*casi()nally  the  younger 
intrusive  has  so  (extensively  displac<»d  the  older  as  to  form  miniature 
stock-like  bodi(»s  sending  out  apophyses  into  the  coarser  rock  and 
inclosing  hoi'ses  of  the  latter.  The  mosaics  arc  thus  intrusion-brec- 
(*ias  or  flow-bre(»cias.  The  younger  iiitrusives  cut  with  apparent 
indifference*  both  the  gabbroitic  and  the  dioritic  phases  of  the  st/ock. 

In   color,   mineralogical  and   chemi(»al   composition,  and   even   ill 
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structure,  the  dikes  are  closely  allied  to  the  diorite  analyzed.  In 
the  fields  southeast  of  Pierson  Peak  both  the  younger  and  older 
rocks  are  augite-biotite-hornblende-diorites  (spec.  147).  Within  a 
hundred  yards  a  second  network  of  dikes  is  characterized  by  the  com- 
plete absence  of  hornblende  and  by  a  remarkably  perfect  zonal  struc- 
ture in  its  feldspar  (spec.  145a).  The  great  range  in  acidity  of  these 
feldspars  was  not  found  equaled  in  any  other  rock  of  the  whole  region. 
By  the  method  of  equal  illumination,  checked  by  the  behavior  of  each 
zone  in  convergent  light,  it  could  be  proved  that  the  core  of  such  a 
feldspar  may  be  a  true  anorthite.  Outside  the  core  basic  labradorite 
near  AbjAug  is  succeeded  by  a  third  zone  of  oligoclase  near  AbjAuj, 
and  outside  of  all  there  comes  a  narrow  zone  of  the  albite  AbigAuj.  The 
average  of  several  determinations  on  Carlsbad  albite  twins  gave  basic 
oligoclase,  AbjAnj,  as  the  average  feldspar  of  the  i-ock.  The  usual 
accessories  are  present.  This  rock  is  a  typical  axigite-biotite-diorUe. 
A  very  similar  type  occurs  in  the  form  of  a  series  of  parallel  dikes 
on  the  northern  slope  of  Little  Ascutney  and  at  its  eastern  end  (spec. 
184).  Here  a  significant  amount  of  orthoclase  was  discovered  among 
the  accessories.  In  immediate  association  with  the  first  group  of 
reticulate  dikes  mentioned,  another  group  of  a  lighter  color  but  of 
similar  structure  showed  in  the  microscopic  examination  a  still  greater 
proportion  of  orthoclase,  which  is  accompanied  by  microperthite.  The 
bulk  of  the  feldspar  is  still,  however,  near  the  basic  oligoclase  Ab2Ani. 
Biotite  is  the  only  other  essential.  Augite  fails  and  brown  hornblende 
is  a  rare  accessory.  The  type  may  be  called  a  hiotite'diorite  bearing 
accessory  orthoclase  and  microperthite. 

«*WINDSORITE"  DIKES  CUTTING  THE  BASIC  STOCK. 

I\)iash-feldspar  finally  becomes  of  nearly  equal  importance  among 
the  essential  minerals  of  these  rocks  in  a  set  of  light-colored,  pinkish- 
gi'ay dikes  1  to  3  feet (0.3  m.  to  0.0m.)  in  width;  traversing  the  stock  in 
the  notch  just  northeast  of  the  eastern  end  of  Little  Ascutney  (spec. 
77),  and  again  on  the  notch  road  near  Mr.  Pierson's  house.  The 
dikes  at  the  former  locality  seem  to  have  been  cut  off  by  the  i)orphyry 
occurring  on  Little  Ascutney.  The  plagioclase  varies  from  andesine, 
AbjAug,  to  oligoclase,  AbgAui,  the  average  mixture  being  probably 
basic  oligoclase,  AbjAnj.  The  triclinic  feldspar  is  often  surrounded 
by  mantles  of  orthoclase  or  microperthite.  Orthoclase,  microperthite, 
and,  probably,  soda  orthoclase,  especially  the  first  two  named,  are  the 
alkaline  feldspars,  the  abundance  of  which  is  reflected  in  the  chemical 
analysis  of  this  rock  type  (Table  VI,  column  1).«  Shreds,  irregular 
plates,  and,  rarely,  idiomorphic  crystals  of  biotite  represent  the  only 
other  essential.     Rare  grains  of  augite  and  still  rarer  bleached  indi- 

oThrongh  a  miBtake,  a  fragment  of  diorite  from  the  yoanger  dikes  was  incladed  in  the  sample 
of  this  rock  sent  to  Washington  for  analysis.  This  nnfortnnate  fact  explains  the  difference 
between  oolmnn  K  (the  vitiated  analysis)  and  column  L  on  page  09  of  Bulletin  148  and  on  page 
f»  of  Bolleti]!  168  of  this  Surrey. 
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viduals  of  hornblende  with  ihnenite,  apatite,  zircon,  and  (doubtfully) 
titanite,  compose  the  list  of  accessories.  Pyrite  developed  seocmdarily 
on  the  joint  planes  explains  the  sulphide  of  the  analysis.  The  mica 
must  be  rich  in  magnesia  and  is  probably  a  meroxene.  Quartz  occurs 
interstitially  in  comparatively  large  amount.  The  bisilicate  and  biotite 
exhibit  a  great  amount  of  magmatic  resorption,  and  it  is  therefore 
difficult  to  be  certain  of  the  order  of  crystallization.  It  is  probably 
as  follows: 

Apatite. 

Zircon. 

Ihnenite  and  titanite. 

Biotite,  angite,  and  hornblende. 

Andesine  and  oligoclase. 

Microx)erthite,  orthoclase,  and  soda  orthoclase. 

Qnartz. 

No  analysis  of  the  mica  has  been  made.  On  account  of  its  small 
amount  in  the  rock,  no  serious  error  in  the  calculation  of  the  other 
and  more  important  essentials  will  be  made  if  we  assume  that  in  the 
biotite  there  is  20  per  cent  MgO,  40  per  cent  SiOj,  and  8  i)er  cent*  KjO. 
On  this  supposition,  the  quantitative  mineralogical  composition  of  the 
rock  was  calculated  as  follows: 

Mineralogical  ayniposition  of  tcincUtorite, 

Per  cont. 

Albite  molecule 38. 5 

Orthoclase  molecule    _ 28. 5 

Anorthite  molecule 11.5 

Quartz 13.0 

Biotite  _ 5.0 

Magnetite  and  ihnenite 2.5 

Diopside,  aj^tite,  and  zircon 1.0 

If  theaveraji:e  plaj2:iocbise  =  Ab2Ani,  the  rock  contains  34.5  per  cent 
soda-lime  feldspar  and  44  j)er  cent  alkali  feldspar. 
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Table  VI. — Analyses  of  windsorite  atid  other  rocks. 
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1. 

2. 

•       3. 

4. 

5. 

SiO, 

64.62 
16.46 
1.82 
2.14 
1.10 
2.39 
4.57 
5.21 
0.39 
0.13 
O.ll 
0.81 
0.03 
0.21 
0.05 
0.19 
0.12 
0.03 

Trace. 

Trace. 

Trace. 

1 

1 

67.14 
15.37 
2.24 
1.93 
1.36 
3.60 
3.29 
4.06 
0.59 
0.07 

65.00 
16.00 
1.50 
3.00 
2.00 
5.00 
3.50 
2.25 

59. 00-68. 50 
14.00-17.00 
1.50-2.25 
1.50-  4.50 
1.00-  2.50 
3.00-  6»50 
2. 50-  4. 50 
1.00-  3.50 

65.65 

AljOj 

16.84 

Fe,0, 

4  01 

FeO 

MgO 

0.13 

CaO 

2.47 

Na,0 

5.04 

K,0.... 

H,Oalx>vellO°C. 

5.27 
0.30 

HjO  below  110  C 

CO,.. 

....    _ 

TiO, 

ZrO, - 

PjO« 

2      5 —  ■■- --.--_. 

CI- 

FeS,     -- 

^^^      -  —  ■  —  ---.-_   

MnO 

--_»__...•** 

BaO.-     

SrO.   - 

Li,0  .... 

*  "^  ■■  —                       .... 
CnO 

' 

Remainder.    . 

0.35 
100.00 

1.75 

1 

_ .    . 

100.38 
0.01 

100.00 

99.71 

o=F,a 

■ 



100.37 
0.10 
2.666 

Total  S...     . 

Sp.  gr 

r 

1 

1.  Dike  of  windsorite,  Little  Ascntney  Monntain;  analysis  by  Hillebrand. 

2.  Average  of  two  typical  qnartz-monzonites,  from  the  Sierra  Nevada.  Turner, 
Jour.  Geol..  Vol.  VII,  1899,  p.  152. 

3.  Average  comjwsition  of  granodiorite,  according  to  Lindgren.  Seventeenth 
Ann.  Rept.  U.  S.  Geol,  Survey,  Pt.  II,  1896,  p.  35. 

4.  Limits  of  variation  in  granodiorite,  according  to  Lindgren.     Ibid.,  p.  35. 

5.  Alkaline  augite-homblende-syenite  (nordmarkite),  Diana,  New  York;  ana- 
lyzed by  C.  H.  Smyth,  Bull.  Geol.  Soc.  Ajn.,  Vol.  VI,  1895,  p.  274. 

Table  VI  represents  type  analyses  of  related  rocks.  Of  these  and 
of  the  Ascutney  dike  the  essential  mineralogical  composition  is  as 
follows: 

1.  Basic  oligoclase,  microperthite,  orthoclase,  quartz,  biotite. 
9t  Oligoclase,  quartz,  orthoclase,  biotite,  amphibole. 
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3.  Oligoclase-andesine  (osoally  andesine)  •  quartz,  orthoclase,  biotite,  gmen  horn- 
blende. 
5.  Microperthite,  albite.  angite,  hornblende. 

This  rock  belongs  to  another  type  intermediate  between  the  ortho- 
clase  rocks  and  the  plagioclase  rocks.  It  is  almost  identical  in  chem- 
ical composition  with  certain  nordmarkites  (cf.  col.  5),  but  the  lime 
is  practically  all  in  the  highly  important  essential,  basic  olig^oclase. 
This  character  definitively  removes  the  rock  from  the  nordmarkites. 
We  can  not,  on  account  of  the  high  alkalies  and  relatively  low  lime, 
place  it  in  the  group  of  the  granodiorites  (cf.  cols.  3  and  4),  nor,  for 
the  same  reason,  in  the  group  of  the  quartz-monzonites  (cf.  col.  2), 
though  in  general  the  affinities  are  stronger  with  the  last-named  group 
than  with  any  other  already  well-defined  type.  The  soda  and  the 
combine<l  alkalies  are  too  high  to  characterize  a  normal  lime-alkali 
(juartz-syenite.  The  rock  is,  in  reality,  a  leukocratic  analogue  of  the 
quartz-monzonites  in  which  augite  is  replaced  by  biotite.  It  may  also 
be  considered  as  the  alkaline  equivalent  of  granodiorite.  Standing  in 
a  class  by  itself,  both  with  respect  to  the  other  Ascutney  intrusives 
and  with  respect  to  the  types  now  recognized  in  our  rock  classifica- 
tions, the  name  iviruh^orUe  is  proposed  for  the  rock  in  order  to  fix  this 
type  and  to  facilitate  reference  to  it.  The  name  is  taken  from  that 
of  the  neighboring  town  northeast  of  the  main  mountain.  Windsor- 
ite  may  be  defined  as  a  leukocratic,  hypidiomorphic-granular  rock, 
composed  essentially  of  alkaline  feldspar  (microperthite  and  ortho- 
clase),  basic  oligoclase,  <iuartz,  and  biotite,  and  characterized  by  high 
alkalies  (potash  slightly  in  ex(*eas  of  the  soda),  relatively  low  lime 
(contained  essentially  in  the  plagioclase),  low  iron,  and  low  magnesia. 

8YE:N^ITE8. 

The  Biujic  stock  is  cut  by  several  large  indeiXMident  bodies  of  sj^enitic 
habit.  Their  rocks  are  so  similar  in  comjjositon  that,  as  in  the  case  of 
the  dioritic  rocks,  a  detailed  i>etrographical  description  of  a  chief 
phase  in  one  of  the  bodies  will  suflBce  to  illustrate  the  larger  part  of 
what  may  be  said  in  description  of  th<»  other  phases  and  related  iutru- 
sives.     In  this  way  some  repetition  may  b(^  avoided. 

MAIN  SYENITE  STOCK;  ITS  PHASES. 

As  we  hav<»  already  seen,  Mount  Ascutney  owes  it%s  strong  relief 
to  the  larg<^st  intrusive  mass  in  the  area  discussed — the  Main  syenite 
stock  coveringabout  4  s([uare  miles  (10. 5  square  kilometers).  Tlie  intru- 
sive character  of  the  i'0(*k  is  plainly  indicated  at  almost  any  part  of  the 
contacts  with  the  diorites,  gneisses,  or  phyllitcs  (see  PI.  VI).  The  walls 
of  the  conduit  appeal*  to  be  usually  nearly  vertica-l,  inasmuch  as  the  line 
of  contact  in  all  but  two  or  three  causes  runs  straight  across  the  radiat- 
ing gulches  and  does  not  turn  up  or  down  the  corresponding  brook 
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beds.  The  latter  rule  is  departed  from  at  three  of  the  largest  ravines  in 
the  mountain.  At  Crystal  Cascade  the  schists  stand  vertical  or  dip  at 
high  angles  to  the  east-northeast.  They  form  a  blunt  projection  into 
the  igneous  body,  and,  on  account  of  their  relative  softness,  the  strong 
gulch  below  the  cascade  has  been  worn  out.  The  actual  surface  of 
contact  between  schist  and  syenite  is  exposed  for  a  vertical  distance  of 
100  feet.  That  sample  contact  is  nearly  vertical.  A  second  deep 
ravine,  1  mile  east  of  the  cascade,  may  be  explained  as  located  on 
a  similar  broad  tongue  of  schist  less  resistant  to  the  weather  than  the 
syenite  to  right  and  left  of  the  ravine.  At  only  one  point  does  the  sur- 
face of  contact  seem  to  depart  from  verticality,  namely,  at  the  pictur- 
esque ravine  south  of  Brownsville.  There  the  schists  dip  under  the 
syenite  as  if  the  latter  had,  during  intrusion,  followed  the  planes  of 
schistosity  after  the  manner  of  a  sill  or  laccolith.  But  this  observa- 
tion stands  alone,  and  such  a  structural  relation  must  be  regarded  as 
exceptional  and  very  local. 

The  syenite  showed  a  general  independence  of  the  structure  of  the 
invaded  rocks  as  it  found  its  way  up  from  its  deep-lying  source.  Both 
to  north  and  to  south  of  the  mountain  the  schists  strike  steadily  towai^d 
the  stock.  They  are  not  essentially  displaced  from  their  original  tilted 
position,  except  as  a  result  of  some  relatively  slight  crumpling  in 
the  contact  zone,  but  are  cut  squarely  off  by  the  syenite.  This  is  true 
at  the  eastern  contact  as  well.  At  several  points  the  contact  plane 
was  observed  to  cut  across  the  structural  plane  of  the  phyllites.  If, 
however,  the  intrusion  had  been  controlled  by  the  latter,  we  should 
expect  the  surface  of  contact  to  dip  eastwai*d  and  the  zone  of  meta- 
morphic  change  in  the  schists  to  be  broader  there,  at  the  eastern  end, 
than  elsewhere.     The  facts  do  not  agree  with  either  conclusion. 

The  syenite  thus  constitutes  a  pipe-like  stock  of  round isli  outline, 
the  cylindrical  form  being  modified  by  a  few  large  projections  of 
schist  in  place  and  by  the  irregular  stock  of  the  younger  Ascutney- 
ville  granite. 

A  notable  characteristic  of  the  Main  stock,  as  of  the  older  one, 
is  the  variability  of  the  I'ocks  composing  it.  Though  they  are  every- 
where related  to  th<*  group  of  the  alkaline  syenites,  they  exhibit 
important  mineralogical,  chemical,  and  structural  differences.  Four 
chief  types  of  the  variations  in  color,  grain,  structure,  proportion  of 
dark-colored  to  light-colored  constituents,  and  the  distribution  of 
inclosed  basic  segregations,  are  to  be  distinguished.  In  the  field  the 
transition  of  these  types  into  one  another  is  so  complete  that  they 
must  be  regarded  as  the  differentiated  product  of  one  body  of  magma. 
As  yet  there  is  no  certain  observation  forthcoming  to  show  that  there 
was  more  than  one  eruptive  period  for  all  four,  even  in  the  sense  of 
the  intimately  associated  diorite  and  reticulate  dikes  of  the  Basic 
stock,  or  in  the  sense  of  Brogger's  hypothesis  of  the  cutting  of  still 
unconsolidated  augite-syenites  by  elsBolite-syenite.     It  will  be  remem- 
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bered  that  Brogger  introduced  that  hypothesis  in  order  to  explain  the 
field  association  of  the  Christiania  rocks.** 

Like  the  still  younger  granite,  the  syenite  has,  in  general,  a  finer 
texture  than  the  gabbro-diorites.  This  contrast  is  to  be  related  to 
the  greater  basicity  of  the  latter  rather  than  to  any  essential  differ- 
ence of  physical  conditions  under  which  the  intrusion  of  the  basic 
and  acid  stocks  occurred. 

Phase  f,  iwrdmarkifs  of  granitic  habit. — The  only  quarry  that  has 
recently  been  worked  in  the  Aacutney  area  is  situated  within  a  few 
hundred  feet  of  the  contact  with  the  schists  in  the  first  of  the  four 
phases  of  the  Main  syenite.  Various  attempts  have  been  made  to  use 
the  stone  for  monuments  and  for  ornamental  purposes  generally,  but, 
for  a  reason  wliich  will  l>e  noted  further  on,  a  market  could  not  be 
permanently  secured  by  the  owners.  The  quarry  seems  to  have  been 
practically  abandone<l.  The  finest  blocks  yet  taken  out  are  doubtless 
those  wliich  are  to  be  seen  in  the  large  columns  of  the  library  build- 
ing at  Columbia  Univei'sity,  New  York  City. 

The  rock,  as  represented  in  the  quarry,  is  a  handsome,  dark-green 
syenite,  in  this  place  characterized  by  medium  to  coarse  grain  and  a 
typical  eugranitic  structure  (spec.  42) ;  elsewhere  this  phase  grades 
into  one  possessing  a  trachytic  structure.  It  is  a  syenite  with  variable 
amounts  of  free  quartz  and  a  low  percentage  of  colored  constituents. 
Primary  veins  or  flow  streaks  ai*e  common;  they  are  usually  finer- 
grained  than  the  average  rock,  and  are  even  more  poorly  provided 
with  hisilicates.  In  addition  to  the  feldsi)ai*s  and  accessory  quartz, 
tli<»  list  of  minerals  includes,  in  the  order  of  their  abundance,  a  horn- 
blende, biotite,  a  pyroxene,  allanite,  titaniferous  magnetite,  apatite, 
pyrite,  zircon,  nionazite,  an<l  a  lime-iron  garnet.  The  order  of  their 
crystallization  seems  to  have  been  as  follows: 

Apatite. 

Zircon. 

Magnetite,  i)yritc,  ganiet. 

Moiiazite  and  allanite. 

Augite,  hornblende,  and  biotite. 

Oligoclase. 

Alkaline  feldspars. 

Quartz. 

The  feldspars. — The  constituents  which  dct<»rmine  the  structure, 
texture,  and  <»olor  of  th(^  sy(»nite  are  the  feldspars  (PI.  IV,  ^4.)  Of 
these,  microperthite  is  by  far  th<»  most  abundant,  and  with  it  are 
associated  orthoclascs  soda-orthoclase,  niicrocline,  and  a  plagioclase. 
Then*  is  no  observable  difference  in  the  macroscopic  habit  of  these 
feldspars,  and  it  was  only  by  the  carc^ful  stndy  of  slides  and  rock 
po\v(h.'r  tliat  all  the  species  could  be  d<»terniined.  All  of  them  are 
un(loubte<lly  the  i)ro(luct  of  primary  crystallization. 

"Zeit.  fttr  Kryst.,  Vol.  XVI,  imK  p.  281. 
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The  niicroperthite  is  especially  interesting  on  account  of  its  typical 
development.  The  usual  intergrowth  is  that  of  orthoclase  with  a 
plagioclase  varying  from  albite  to  an  acid  oligoclase  near  AbgAn,, 
but  on  many  cleavage  pieces  it  was  easily  proved  that  the  triclinic 
feldspar  was  intergrown  with  a  monoclinic,  itself  strongly  charged 
with  the  soda  molecule.  Such  individuals  gave  extinctions  of  12°  and 
10''  on  (010)  for  the  two  kinds  of  lamellse,  thus  indicating  the  associa- 
tion of  nearly  pure  albite  with  an  orthoclase  that  stands  at  the  extreme 
soda  end  of  the  series,  generally  designated  by  the  name  ''soda- 
orthoclase."  In  all  cases  the  intergrowth  follows  the  law  whereby 
the  triclinic  lamella)  lie  in  the  monoclinic  feldspar  parallel  to  a  steep 
orthodome;  the  angle  of  72°  between  the  albite  lamellae  and  the  basal 
cleavage  on  (010)  indicates  that  this  dome  may  be  (801),  the  one  noted 
in  this  relation  to  intergrowth  by  Brogger.  From  the  normal  micro- 
perthite  there  are  all  transitions  to  what  would  appear  to  be  true 
ciyptoperthite.  Both  ends  of  the  series  sometimes  show  the  murchi- 
sonite  parting,  which  is  unusually  clean  and  definite. 

The  tabular  crystals  of  well-lamellated  microperthite  from  a  highly 
feldspathic  phase  on  the  Brownsville  slope  of  the  mountain  repi'csent 
a  very  high  proportion  of  soda  in  the  mixture,  as  shown  by  the  polar- 
ization phenomena  and  the  specific  gravity  of  from  2.610  to  2.611  at 
17°  C  Generally,  however,  the  proportion  of  potash  to  soda  is  about 
1:1,  corresponding  to  a  specific  gravity  of  from  2.584  to  2.595  at  the 
same  temperature.  The  same  average  I'atio  is  believed  to  character- 
ize the  feldspars  of  the  rock  as  a  whole.  It  is  true  that  there  is  a  not 
unimportant  amount  of  orthoclase  and  soda-orthoclase  in  most  of  the^ 
slides,  yet  this  lowering  of  the  otherwise  high  percentage  of  soda  is 
occasionally  counterbalanced  by  a  little  free  oligoclase  and  always  by 
a  microperthite  which  is  richer  in  the  triclinic  component  than  the 
average  stated. 

The  pure  potash  feldspar  is  relatively  rare.  It  occurs  as  orthoclase 
and  as  microcline,  both  contemporaneous  with  the  microperthite  in 
their  period  of  ciystallization. 

The  plagioclase  is  no  more  than  accessory.  The  usual  optical 
methods  of  determination  agreed  in  showing  that  it  belongs  to  a  series 
from  practically  pure  albite  to  the  oligoclase  AbgAnj.  Anorthoelase 
could  not  be  demonstrated  in  any  of  the  Ascutney  rocks,  nor  should 
it,  on  account  of  the  lowness  of  lime,  be  expected.  Barium  oxide 
doubtless  occurs  in  isomorphic  relation  with  the  soda  and  potash  of 
the  feldspars.     No  hyalophane  has  been  discovered  in  the  rock. 

Rapid  tarnishing  on  exposure  to  air. — One  of  the  most  remarkable 
properties  of  this  rock  consists  of  the  unstable  character  of  its  color. 
When  broken  out  of  the  quarry  a  fresh  specimen  is  uniformly,  on  the 
surface  of  fracture,  a  light  bluish  gray.  In  the  course  of  twenty-four 
hours,  under  atmospheric  conditions,  this  tint  changes  to  one  with  a 
greenish  tinge,  and  after  an  exposure  to  the  air  of  ab«ut  thirty  days 
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it  has  become  a  deep  brownish  green — the  color  we  have  noted  for  the 
numerous  blocks  of  the  quarry.  This  green  color  is  in  its  turn  lost 
when  the  rock  has  suffered  more  pronounced  weathering  after  many 
years  of  exposure.  The  final  change  gives  the  familiar  yellows  and 
browns  of  a*  decomposed  ferruginous  rock.  In  this  stock  the  rapid 
change  from  gray  to  green  was  observed  only  in  phase  /,  as  exposed 
on  the  north  aiid  northwest  slopes  of  the  mountain. 

Examination  quickly  showed  that  the  color  change  of  the  rock  is 
conditioned  by  the  feldspar  and  that  it  is  altogether  a  superficial 
phenomenon,  taking  place  only  where  the  air  has  access  to  the  min- 
eral. The  question  has  naturally  arisen  as  to  the  cause  of  this  pecul- 
iar instability  of  color,  and  a  number  of  experiments  were  carried 
out  which  have  thrown  light  on  the  problem.  To  show  that  one  or 
more  of  the  principal  atmospheric  gases  were  essential  to  the  reac- 
tion, a  gray  piece  of  the  fresh  rock  was  immersed  in  a  stream  of 
carl)on  dioxide  gas  for  twenty  minutes  and  then  kept  in  an  atmosphere 
of  that  gas  for  twenty-four  hours.  No  appreciable  change  was  noted 
in  the  original  gray  tint,  showing  that  in  all  probability  the  carbonati- 
zation  of  simie  unknown  element  in  the  feldspar  could  not  explain^ 
the  alteration  of  tint.  The  inference  was  ready  to  hand  that  it  was 
rather  due  to  oxidation.  A  gray  fragment  of  the  rock  was  accord- 
ingly i)laced  in  an  atmosphere  of  purified  oxygen  over  night.  A  per- 
ceptible change  to  the  green  color  resulted.  The  same  piece  was 
then  chang<'d  to  an  intense  green  by  an  exposure  of  thirty  minutes  to 
a  sti-oam  of  oxygen,  while  the  fragment  was  kept  at  a  temperature  of 
about  150^ (\ 

The  further  question  remained:  What  oxidizable  substance  pres- 
ent ill  the  feldspar  would,  on  uniting  with  the  oxygen  of  the  air, 
furiiisli  the  re([uired  color?  That  it  is  not  organic  was  shown  by 
the  fact  that  before  the  blowpii)e  the  green  tint  was  not  only 
not  destroyed,  but,  on  the  contrary,  was  deepened  in  the  oxidizing 
fiaine — another  testimony  to  the  fact  of  oxidation  as  the  true  cause. 
Partial  deeolorization  resulted  from  flie  application  of  the  reducing 
flame.  The  probable  explanation  of  the  color  change  is  found  in 
the  oxidation  of  the  ferrous  oxide  of  the  feldsi)ars  to  the  ferric, 
thus  giving  a  yellow  which,  in  combination  with  the  fundamental 
blue-gray  of  the  under  layers  of  th(^  erystiil  substance,  affords  the 
green  of  the  altered  surface.  In  aei<ls  the  mineral  is  decolorized  to 
tli<»  original  bluish  gray,  whic'h  is  permanent,  and  the  filtrate  gives  a 
strong  reaction  for  iron.  A  high  power  of  th(»  iiii<»roscope  shows  that 
the  perfectly  fresh  feldsi)ars  are  all  crowded  with  myriads  of  extremely 
minute  blackish  granules.  It  is  possible  that  this  dust  is  compose<l 
of  ferrous  oxide,  dating  as  to  its  period  of  formation  from  the  time  of 
the  original  crystallization  of  the  rock.  If  this  be  true,  we  can  derive 
the  instability  of  color  from  one  of  the  most  familiar  n^actions  in  the 
history  of  inetasoniatic  processes. 

Were  the  coloring  substance  uniformly  distributed  throughout  the 
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botly  of  the  ro'.'k,  this  syenite  would  make  a  favorite  material  for 
decorative  purposes,  for  it  is  capable  of  a  fine  polish;  but  the  distri- 
bution is,  unfortunately,  very  uneven,  and  the  consequence  is  that  the 
polished  monument  or  shaft  is  often  blemished  ^ith  streaks  of  lighter 
arid  darker  hue  than  the  average.  Furthermore,  as  already  implied, 
the  tint  of  any  specimen  can  never  be  said  to  be  permanent.  As  the 
oxidation  progresses,  the  bluish  tone  of  the  feldspar  suljstance 
beneath  the  surface  will  have  less  and  less  influence  on  the  color 
mixture  and  a  more  brownish  tone  will  result.  This  is  what  has  actu- 
ally happened  in  the  case  of  several  tombstones  which  have  stood  for 
some  years  in  the  cemeteries  of  Brownsville  and  Windsor. 

A  similarly  rapid  change  of  color — from  a  grayish  green  to  a  more 
pronounced  green — on  exposure  to  the  air,  has  been  described  by 
Gushing  as  characterizing  the  squeezed  augite-syenites  near  Loon 
Lake,  New  York.^  He  suggests  staining  from  the  oxidation  of  the 
ferrous  iron  derived  from  decomposed  hypersthene  as  a  possible  cause 
of  the  rusty  brown  color,  but  leaves  open  the  question  of  the  causes 
of  the  early  stages  of  the  color  change.  He  points  out  that  the 
uncrushed  crystals  are  always  less  green  than  the  feldspar  granulated 
by  pressure.  This  would  be  expected  as  one  result  of  the  increased 
ease  with  which  oxidizing  fluids  would  circulate  in  the  rock  after 
crushing.  The  gray  color  of  the  Ascutney  rock  corresponds  with  its 
other  properties  in  showing  that  it  has  not  been  subjected  to  such 
squeezing  as  that  once  suffered  by  the  New  York  syenite,  which  in  other 
respects  is  strikingly  similar  to  our  rock.  Types  very  close  to  both 
of  these  in  nature  and  origin  occur  at  Killington  Peak  in  western  Ver- 
mont and  at  Shefford  Mountain,  Quebec,  and  possess  the  same  pecu- 
liar green  color.  At  the  latter  locality  the  change  from  the  fresh  gray 
to  green  has  also  been  observed.  It  may  be  noted  in  passing  that 
green  is  a  favorite  hue  for  several  species  of  alkaline  rocks.  Tin- 
guaites  are  commonly  green,  like  the  groundmass  of  pantellerites, 
and  grorudite  from  the  classic  locality  is  green,  the  color  in  the  last 
mentioned  rock  being  due,  however,  to  the  essential  aBgirine. 

Hornblende. — The  next  most  important  constituent  of  the  syenite  is 
a  hornblende  belonging  to  the  alkali-iron  group  of  amphiboles.  Often 
idiomorphic  against  the  feldspars,. it  yet  commonly  possesses  the  fea- 
ture characteristic  of  hornblendes  that  have  grown  in  an  alkaline 
magma — namely  the  irregular  outline  due  to  resorption.*  Within  the 
cavities  thus  formed  by  this  magmatic  solution,  feldspar  and  quartz 
have  crystallized,  and  in  section  have  the  appearance  of  inclusions  in 
the  hornblende.  The  color  of  the  mineral  varies  through  shades  of 
brown  according  to  the  following  scheme: 

a,  light  greenish  brown  to  grayish  yellow. 

b,  deep  gi'eenish  brown  to  olive-brown. 

c,  grayish  olive-green. 


rtBull.  Geol.  Soc.  Am.,  Vol.  X,  1899,  p.  178. 
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The  absorption  parallel  to  b  and  c  is  very  strong;  b>c>a. 

By  the  use  of  cleavage  pieces  inoiiut^d  on  the  Fedoroff  table,  the 
extinction  was  determined  on  (010)  at  16°.  The  extinction  on  the  cleav- 
age plate  itself  was  found  to  average  14°  39'.  By  turning  the  plate 
about  an  axis  at  once  coincident  wth  the  vertical  axis  of  the  crystal 
and  jiarallel  with  the  principal  section  of  the  polarizer,  it  was  x>08sible  to 
test  the  curve  of  extinction  iii  the  vertical  zone.  Readings  were  taken 
at  positions  of  the  cleavage  plate  where  the  plane  of  symmetry  made 
angles  of  42°  30',  47°  30',  and  77°  30'  with  the  plane  passing  throngfa 
the  crystal  at  right  angles  to  the  axis  of  the  microscope.  The  corre- 
sponding angles  of  extinction  were  found  to  be  16°  60',  17°  25',  and 
12°  0'.  These  results  mean  an  angle  of  extinction  on  (010)  of  16°,  and 
an  optical  angle  of  about  70^"  for  the  amphibole.*'  Etch  figures  on  a 
cleav  age  plate  immediately  oriented  the  crystal  and  therewith  the 
ellipsoid  of  optical  elasticity.*  The  optical  axis  c  lies  in  the  obtuse 
angle  fi  in  Tschermak's  orientation.  These  conclusions  were  checked 
by  the  close  study  of  rock  slides,  and  chance  sections  of  the  hornblende 
favorable  to  the  rough  measurement  of  the  optical  angle  and  to  the 
determination  of  c  :  c  confirmed  the  results  derived  from  the  use  of 
cleavage  pieces. 

The  usual  twinning  parallel  to  (100)  was  observed. 

The  angle  of  the  cleavage  prism  was  measured  on  about  twent}^ 
individuals  and  found  t^o  vary  from  55°  13'  to  56°  0',  with  an  average 
of  5r>  32'.  This  great  variation  from  the  mean  is  not  to  be  explained 
by  i)oor  reflexes  or  by  the  iHMsonal  equation  of  the  observer,  but  must 
be  conditi()n<Ml  by  some  as  yet  unknown  cause  or  causes.**  The  specific 
gravity  was  taken  with  the  Klein  solution;  it  averaged  3.272  at  17°C., 
varying  in  a  suiti*  of  ten  specimens  from  3.2r>G  to  3.278.  A  thin  splin- 
ter of  the  mineral  melts  quietly  in  the  Bunsen  burner  with  a  strong 
soda  flame.  In  view  of  such  properties  we  can  place  this  hornblende 
near  barkcnikite,  in  the  alkali-iron  series  developed  by  Brogger.*' 
Poikilitic  intergrowths  with  biotite  and  allanite  and  parallel  inter- 
growth  with  augite  make  it  impossible  to  separate  the  hornblende  and 
thus  permit  a  chemical  analysis  of  it  being  made,  but  it  is  plainly  rich 
in  ferric  oxide  and  soda. 

Augite, — Compared  with  the  amphibole,  the  pjTOxene  is  present  in 
vei  y  subordinate  amount.  It  almost  invariably  occure  in  the  cores  of 
parallel  intergrowths  with  the  hornblende,  which  there  is  every  rea- 
son to  b<*lieve  is  i)rimary  and  has  thus  not  been  derived  from  the 
pyroxene  either  by  magmatic  or  by  metasomatic  changes.  The  augite 
has  the  usual  diopsidic  habit  of  most  augite-syenites;  the  optical  angle 

nproc.  Am.  Aciid.  Arts  and  ScienccH,  Vol.  XXXIV,  1«»,  p.  mi. 

^rbid.,  p.  ;r73. 

<'Tli«'re  is  luxtd  for  a  thorough  investigation  of  tho  whole  amphilx)lo  group  for  the  pnrxKne  of 
fixing  the  stories  of  prismutio  angles,  as  they  undoubtedly  vary  with  the  chemical  compoaitioa, 
and  the  student  of  the  amphiboles  would  probably  l>e  repaid  if  lie  set  alxjut  the  task  of  finding 
the  ixwsible  causes  for  the  noteworthy  variation  in  tho  angle  f()r  the  same  siieciee  from  one 
UK'ulity. 

''Gt'steine  der  Gromdit-Tinguait  Serie,  p.  ;CJ. 
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is,  however,  remarkably  small,  45°  15'  being  measured  in  oil.  The 
extinction  angle  was  not  found  on  account  of  the  lack  of  favorable 
material. 

Biotite, — In  about  equal  proportion  with  the  pyroxene  is  a  deep- 
brown  primary  mica  characterized  by  normal  properties.  The  optical 
plane  and  the  plane  of  symmetry  are  coincident.  From  the  low  per- 
centage of  magnesia  in  the  total  analysis  it  appears  that  the  mica  is  a 
true  lepidomelane  and  not  a  meroxene.  The  formation  of  skeleton 
crystals  by  magmatic  resorption  is  here  also  very  striking. 

AUanite. — The  rock  of  the  Windsor  quarry  contains  an  important 
accessory  not  recognized  in  any  other  part  of  the  syenite  stock.  It 
occurs  in  the  form  of  elongated  anhedral  grains,  either  independent 
or  associated  as  irregular  intergrowths  with  the  hornblende.  In  the 
hand  specimen  the  mineral  can  be  readily  made  out  by  its  black 
color,  waxy  to  lustrous  appearance,  and  by  the  presence  of  only  one 
good  cleavage.  In  many  cases  the  individuals  are  as  much  as  half  a 
centimeter  long.  The  most  striking  microscopic  property  is  the 
extremely  strong  pleochroism  and  absorption.  The  colors  vary  from 
cinnamon -brown  to  deep  walnut-brown  in  some  individuals;  in  others 
chestnut-brown  and  purplish  brown  appeared,  while  in  the  thicker 
slides  the  more  powerful  absorption  gave  almost  absolute  black- 
ness. The  single  refraction  seemed  to  be  higher  than  that  of  horn- 
blende, but  the  double  refraction  was  weaker.  In  addition  to  the  good 
cleavage  visible  macroscopically,  there  was  also  present  a  less  perfect 
cleavage  transverse  to  the  former  at  a  high  angle.  Before  the  blow- 
pipe the  cleavage  pieces  fused  with  intumescence  to  a  black  magnetic 
glass.  Such  an  association  of  properties  seemed  to  indicate  allanite, 
And  an  examination  of  some  material  from  Suhl  (orthite)  confirmed 
the  close  similarity  with  that  mineral.  The  conviction  became  a  prac- 
tical certainty  when  some  fragments  were  dissolved  in  hydrofluoric 
acid,  and  from  the  solution  an  excellent  test  for  cerium  was  obtained 
by  precipitating  with  ammonium  oxalate. 

The  allanite  is  (on  account  of  the  strong  magmatic  resorption)  never 
idiomorphic.  Yet  it  must  be  one  of  the  oldest  constituents  of  the  rock, 
as  it  is  inclosed  by  the  hornblende,  in  which  it  often  forms  lively 
pleochroic  halos.  The  two  minerals  are  sometimes  intergrown,  but 
the  allanite  never  incloses  the  other.  Apatite,  zircon,  and  magnetite 
antedate  both  in  the  order  of  crystallization. 

We  have  here,  then,  one  more  example  showing  the.  importance  of 
allanite  in  eruptive  rocks.  As  early  as  1885  Iddings  and  Cross  noted 
the  occurrence  of  the  mineral  at  28  localities  and  in  9  rock-types, 
including  granite,  gneiss,  granite-porphyry,  quartz-porphyry,  diorite, 
dacite,  and  rhyolite.*  Since  then  it  has  been  discovered  at  many  other 
localities,  including  some  where  the  rock  is  alkaline  and  related  in 
character  to  the  Ascutney  syenite,  e.  g.,  the  hornblende  granite  of 
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Essex  County,  Mass.,^  and  the  quartz-syenite  of  Loon  Lake,  New 
York.* 

Monazite. — A  second  accessory  which  was  attended  with  consider- 
able difficulty  in  its  determination  occurs  in  some  amount  in  the  quarry 
rock.  It  has  never  been  observed  macroscopically,  but  only  in  the 
slide,  where  it  is  found  in  the  form  of  roundish  p^rains  reacliing  1  milli- 
meter in  diameter.  These  are  nearly  colorless,  with  a  grayish-yellow 
tint,  and  are  characterized  by  high  single  ref  inaction  and  by  high  double 
refraction,  giving  polarization  eolpi*s  of  the  third  order.  Crystal  form 
is  always  lacking,  but  optical  tests  showed  the  mineral  to  be  biaxial 
and  mouoclinic  or  triclinic.  The  cleavages,  about  at  right  angles  to 
each  other,  were  seen  in  the  section  of  one  small  individual.  The  min- 
eral was  found  to  be  difficultly  soluble  in  nitric  acid  and  more  easily 
in  hydrochloric  acid.  From  the  solution  a  precipitate  with  molybdate 
of  ammonia  was  obtained,  one  too  abundant  to  be  explained  by  tiie 
associated  apatite,  and  thus  showed  the  grains  to  belong,  without 
doubt,  to  a  phosphate.  The  quantity  of  the  solution  was  so  small  as 
to  render  impossible  the  sure  determination  of  the  rare  earths  which 
should  be  expected  if  the  mineral  be  really  monazite.  Yet  it  may  best 
be  ascribed  to  that  species  as  the  phosphate  nearest  in  optical  proi)er- 
ties  to  the  one  with  which  we  are  dealing. 

The  grains  inclose  numerous  apatite  needles  of  great  minuteness  and 
a  few  square  sections  of  magnetite.  All  three  minerals  seem  to  have 
crystallized  before  the  essential  constituents.  The  monazite  further 
shows  an  interesting  i>aragenesis  with  the  allauite,  the  latter  sometimes 
appearing  as  a  mantle  about  the  former.  Such  an  intimate  associa- 
tion of  a  phosphate  with  a  member  of  the  ei)idote  family  is  rather  sur- 
prising, hut  from  the  study  of  the  material  in  hand  both  minerals 
seem  to  be  primary. 

The  magnetite  is  titaniferous.  It  is  inclosed  as  a  primary  mineral 
by  all  the  other  constituents  except  apatite.  Its  habit  is  the  usual 
one  of  granitic  eruptives. 

Titanite  is  rather  less  common  than  in  the  diorites,  but  possesses 
the  same  features  as  in  the  older  rock.  It  incloses  apatite;  its  rela- 
tion to  zircon  is  indeterminable  as  to  the  period  of  crystallization. 

Apatite  is,  as  usual,  most  abundant  in  the  vicinity  of  the  bisilicat-es, 
and  is  accordingly  here,  as  in  the  feldspathic  phases  of  the  stock  as  a 
whole,  verv  rare. 

Zircon  is  more  common  than  in  the  phases  of  the  Basic  st-ock.  Its 
habit  is,  however,  the  same,  excepting  that  it  liere  shows  a  pronounced 
color  and  i)leochroism. 

E,  })igment  irregularly  distributed — pale  violet  and  colorless. 

0,  solid  color — paler  violet. 

The  zircon  is  younger  than  the  apatite  and  seems  to  have  accom- 
panied   the   titaniferous  magetit<»   in    its    crystallization.     Irregular 
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roundish  inclusions  with  wide  margins  of  total  reflection  are  ascribed 
to  imprisoned  gas. 

Quartz  is  uniformly  allotriomorphic  and  interstitial.  Fluid  cavities 
and  negative  crystals  are  very  numerous.  The  filling  material  of  the 
latter  could  be  well  studied  here  on  account  of  the  remarkable  per- 
fection of  the  forms.  In  many  cases  double  bubbles,  that  unite  on 
heating  the  preparation,  indicate  carbonic  acid  gas  in  a  saturat.ed 
solution  of  water.  The  usual  orientation  of  the  negative  crystals  with 
their  chief  axes  parallel  to  that  of  their  host  is  easily  demonstrable, 
especially  in  the  isotropic  sections  of  the  quartz;  in  them  the  fluids 
lie  in  six-sided  cavities,  whose  sharp  outlines  are  of  exceptionally 
clear  definition. 

The  extremely  few  grains  of  reddish  common  garnet  were  found  in 
this  phase  only  in  those  thin  sections  made  from  specimens  collected 
near  the  schist  contact  and  are  doubtless  to  be  referred  to  slight 
endomorphic  influence  exercised  by  the  country  rock  on  the  eruptive. 

Basic  nodules,  from  1  to  2  inches  (2.0  to  5.2  centimeters)  in  diameter 
are  occasionally  seen  in  the  quarryrock.  They  are  differentiated  min- 
eralogically  from  their  parent  rock  simply  by  a  greater  richness  in 
hornblende,  which  is  here,  too,  strikingly  corroded.  One  can  not  be 
sure  that  the  poikilitic  habit  of  the  mineral  is  anything  more  than 
apparent;  primary  inclusion  of  quartz  and  feldspar  might  give  the 
same  appearance  in  thin  section  as  that  due  to  extensive  embaying  of 
the  hornblende  by  the  caustic  feldspathic  magma. 


PLATE   IV. 

A,  Typical  thin  section  of  the  nordmarkite  of  the  Main  stock,  granitic  phase, 
compo8e<l  almost  entirely  of  microperthite  and  quartz;  crosseil  nicols.  X  20.  (See 
p.  50.) 

B.  Pyroclaatic  feldspar  (soda-orthoclase)  snrronnded  by  a  reaction  rim  rich  in 
alkaline  hornblende,  from  the  large  paisanite  dike  on  northwest  slope  of  Ascntney 
Mountain;  crossed  nicols,  X  T.     (StH»  \).  71.) 
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Table  yU.— Analyses  of  nordmarkite  and  other  rocks. 


SiOa-.- .. 

AlA  ---     

Fe^O,  - :. 

FeO 

MgO . ... 

CaO 

Na,0 

K,0...- 

H,0  above  110"  C 

H,0  below  1 10"  C- 

CO, 

TiO, 

ZrO,-.  

PA 

SO, -. 

a 

F 

FeS, 

BaO 

MnO 


1. 


65.43 
16.11 
1.15 
2.85 
0.40 
1.49 
5.00 
5.97 
0.39 
0.19 
Trace? 
0.50 
0.11 
0.13 


2. 


64.88 
16.24 
1.37 
2.70 
0.89 
1.92 
5.00 
5.61 
0.46 
0.19 
None. 
0.69 
0.13 
0.13 


None.    None. 
0.05  i    0.04 


0.08 
0.07 
0.03 
0.23 


0.08 


8. 


64.04 
17.92 
0.96 
2.08 
0.59 
1.00 
6.67 
6.08 


!■■ 


18 


}  0.62 


4. 

5. 

60.45 

60.03 

20.14 

20.76 

3.80 

f  4.01 
1  0.75 

1.27 

0.80 

1.68 

2.62 

7.23 

5.96 

5. 12 

5.48 

0.71 

«0.59 

6. 


8. 


60. 5-67. 0 
20.0-17.5 

U.O-  3.0 

1.0-  0.5 
2.0-  1.5 
7.0-  6.5 
5. 0-6.0 


SrO Trace. 

LijO Strong 

trace. 


0=F,C1 


100.18 
0.04 


100. 14 
Totals 0.036 


Sp.gr. 


2.659 


0.06 

0.14 

Faint 
trace. 

Trace. 


100.53 
0.04 


0.23 


0.07 


100.49 


2.683 


101.37 


Trace. 


100.40 


100.07 


61.49 

65.43 

16.14 

16.96 

5.81 

1  1.55 
1  1.53 

0.99 

0.22 

1.67 

1.36 

6.19 

5.95 

5.70 

5.36 

«1.17 

0.82 

0.53 


None. 

0.16 

0.02 
0.06 
0.04 


0.28 


None. 
0.40 


99.97 


99.86 


a  Loss  on  ignition. 

1.  Homblende-biotite-nordmarkite  of  granitic  stmctnre,  Ascntney  Mountain 
(phase  /) ;  analysis  by  HUlebrand. 

2.  Homblende-biotite-augite-nordmarkite  of  jwrphyritic  structure,  Ascutney 
Mountain  (phase  g) ;  analysis  by  Hillebrand. 

8.  Classic  nordmarkite,  Tonsen&s,  Norway;  Br5gger,  Zeitschr.  ftir  Kryst.,  Vol. 
XVI,  1890,  p.  54. 

4.  Classic  nordmarkite,  AuerOd,  Norway;  Brdgger,  ibid.,  p.  54. 

5.  Classic  pulaskite,  Fourche  Mountain;  Williams,  Arkansas  G^eol.  Surv.,  Ann. 
Bept.  for  1890,  Vol.  n,  p.  70. 

6.  Limits  of  variation  in  nordmarkites  and  related  quartz-syenites,  according 
to  Brdgger,  op.  cit..  p.  81. 

7.  Average  analysis  of  three  syenite-i)orphyry  dikes  from  the  northern  Adiron- 
dacks;  Cushing,  Bull.  G^eol.  Soc.  Am.,  Vol.  IX,  1898,  p.  248. 

8.  Nordmarkite  of  Shefford  Mountain;  Dresser,  Am.  Qeoh,  Vol.  XXVIII,  1901, 
p.  209. 
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From  the  anal3'sis  of  the  fresh  quarry  rock  (Table  VII,  col.  1)  the 
table  of  molecular  proportions  was  calculated  as  follows: 


SiO,. 
AlA 

Fe,03 
FeO. 

MnO 

MgO 

CaO. 

Na,0 

K,0. 

TiO, 

ZrO, 

PiOs 

CI... 


Anal- 
ysis. 

Molecular 
proportions. 

1.0905 

65.43 

16.11 

0. 1579 

1.15 

0.0079 

2.a5 

0. 0396 

0.23 

0.0033 

0.40 

0.0100 

1.49 

0.0266 

5.00 

0.0806 

5.97 

0.0635 

0.50 

0.0061 

0.11 

0.0011 

0.13 

0.0009 

0.05 

0.0014 

A  partial  determination  shows  that  zircon  forms  0.2  per  cent  of  the 
rock;  apatite,  0.4  per  cent;  magnetite  (crediting  it  with  all  the  Fe203), 
1.8  per  cent.  A  careful  mechanical  separation  of  the  hornblende  per- 
mitted a  rough  estimation  of  its  total  amount;  slightly  impure  from 
included  and  intermixed  allanite,  biotite,  and  magnetite,  it  composed 
5.2  per  cent  by  weight  of  the  total  powder.  Allowing  for  it«  impurity, 
we  shall  not  l)e  far  from  the  truth  in  regai*ding  5  per  cent  as  the  pro- 
portion of  hornblende.  Arbitrarily  estimating  the  lime  content  of 
the  hornblende  as  10  per  cent  (near  barkevikite),  the  proportion  of 
the  anorthite  molecule,  after  allowing  also  for  the  lime  in  the  apatite, 
was  calculated  at  4  per  cent.  On  the  supposition  that  all  the  soda 
occurs  in  the  albite  molecule  and  all  the  potash  in  the  orthoclase 
molecule,  they  would  respectively  compose  42  and  35.3  per  cent  of 
the  rock.  Both  the^e  figures  must  ])e  slightly  too  high.  The  result 
of  the  whole  calculation  shows  the  following  approximate  composition: 

Per  cent. 


Albite  molecule .   . 

Orthoclase  molecule 

Quartz 

Hornblende 

Anorthite  molecule  ...  . 

Magnetite  

Apatite 

Zircon . .     

Biotito,  titanite,  diopside,  and  allanite  . 


41.0 
35.  0 
11.0 
5.0 
4.0 
1.8 
0.4 
0.2 
1.6 

100.0 


Three  determinations  of  the  specific  jrravity  of  the  rock  gave  an 


average  of  '2.i)i)i)  at  17"'  C. 
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The  geological  relations,  structure,  and  constitution  of  this  phase 
clearly  place  the  rock  among  the  alkaline  quartz-syenites,  closely 
allied  to  the  nordmarkites  of  Tonseniis  and  other  localities  in  the 
Christiania  region  (compare  cols.  1,  3,  and  6).  Brogger's  table  gives 
the  limiting  values  in  the  percentage  composition  of  nordmarkite. 
Two  other  American  examples  are  noted  in  columns  7  and  8. 

Phase  g, — The  porphyritic  phase  of  the  stock  is  widespread,  espe- 
cially on  the  east  and  southeast  sides  of  the  mountain.  The  rock  is 
structurally,  but  neither  chemically  nor  mineralogically,  except  as 
regards  some  of  the  accessories,  to  be  distinguished  from  the  normal 
equigranular  type.  This  second  phase  is  exhibited  on  a  large  scale 
on  the  prominent  bald  knob  east  of  the  main  summit. 

The  color  of  the  rock  is  always  a  light  gray  or  pinkish  gray,  which 
is  stable  and  does  not  change  to  green  on  exposure  (spec.  115).  The 
phenocrysts  are  almost  always  roundish  feldspars  which  may  reach 
the  diameter  of  one  centimeter  or  more;  much  more  rarely  a  horn- 
blende or  augite  individual  will  approach  the  same  dimension.  The 
phenocrystic  feldspars  are  microperthite,  orthoclase,  albite,  and  oligo- 
clase,  often  arranged  in  groups  of  two  or  more  large  individuals.  The 
first  named  is  probably  the  most  abundant,  but  is  much  less  predomi- 
nant than  in  the  granitic  phase  on  account  of  the  greater  amount  of 
free  albite  and  oligoclase.  The  orthoclase,  to  judge  from  its  typical 
specific  gravity  (2.594  at  16°  C),  must  contain  considerable  soda  in 
intimate  mixture.  The  acid  oligoclase  and  albite  are  often  surrounded 
by  a  thin  mantle  of  orthoclase,  which  is  thus  later  in  origin.  Micro- 
cline  is  probably  present  among  the  phenocrysts,  but  is  quite  rare. 

The  groundmass  is  a  hypidiomorphic  pepper-and-salt  mixture  of  the 
same  essential  minerals  as  in  phase/.  The  diopsidic  augite,  brown 
hornblende,  and  the  biotite  are  more  abundant  than  in  that  phase, 
causing  the  specific  gravity  of  the  rock  to  l)e  higher  (here  2.085  at 
17°  C).  The  augit-e,  as  in  the  phenocrysts,  seems  always  to  occur  as 
cores  in  intergrowths  with  the  primary  hornblende.  Corrosion  of 
the  dark-colored  silicates  is  much  less  pronounced  than  in  the  granitic 
phase;  they  exhibit,  correspondingly  more  often,  idiomorphic  outlines. 
Free  quartz  in  the  form  of  small  interstitial  grains  occura,  but  is  not 
so  prominent  an  accessory  as  in  phase  /.  Titanite  is  here  more 
abundant,  and  explains  the  somewhat  higher  percentage  of  TiO^  in 
the  analysis.  The  higher  MgO  is  ascribed  to  the  more  abundant 
biotite. 

The  rock  shows  no  indications  of  crushing;  we  can  not,  therefore, 
attribute  the  porphyritic  structure  to  cataclastic  processes.  The 
groundmass  has  unquestionably  crystallized  in  its  present  form  from 
an  igneous  magma.  The  order  of  crystallization  of  its  component 
minerals  is  the  same  as  in  the  green  rock.  Seveial  facts  favor  the 
view  that  the  feldspar  phenocrysts  belong  to  an  earlier  stage  in  the 
crystallization  than  that  which  produced  the  groundmass. 


PLATE  V. 

^1,  Segregation  of  inica  and  hornblende  concentrically  arranged,  in  paisanite 
(the  same  section  of  the  segregation  also  appears  in  the  lower  right-hand  quad- 
rant of  the  micrograph  represented  in  PI.  IV,  B) :  ordinary  light,  X  34.    (See  p.  72. ) 

B,  Basic  segregations  iu  nordmarkite  at  Crystal  Cascade;  one-half  natural  size. 
(Seep.  64.) 
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Feldspars  of  similar  nature  and  size  are  abundant  in  the  basic 
segregations  with  which  this  phase  is  richly  charged,  and  with  them 
are  granitic  groupings  of  several  individuals  separated  by  interstitial 
quartz.  The  segregations  are  mostly  composed  of  those  minerals  of 
the  groundmass  which  crystallize  out  in  an  early  stage  of  consolida- 
tion. The  large  feldspars  and  the  groups  would  thus  antedate  that 
groundmass.  The  feldspar phenocrysts  which  are  mantled  with  ort»ho- 
clase  very  often  present  the  appearance  of  having  been  extensively 
corroded  by  the  magma  before  the  mantles  grew  about  them.  It  is 
probable,  also,  that  there  were  two  generations  of  the  bisilicates. 
The  granitic  groupings  of  large  individuals  suggest  that  the  porphy- 
ritic  structure  may  be  largely  due  to  protoclastic  action  breaking  up 
a  coarse-grained  granitic  rock  already  more  or  less  completely  solidi- 
fied in  the  conduit  when  the  somewhat  later  magma  of  the  **  ground- 
mass"  was  erupted.  On  the  other  hand,  we  can  not  exclude  the 
possibility  that  this  phase  is  the  result  of  chilling,  developing  a 
porphyritic  structure  equivalent  to  that  which  may  be  seen  in  the 
endomorphic  zone  and  in  the  apophyses  of  the  granitic  phase;,  for  it 
is  often  impossible  to  distinguish  hand  specimens  of  the  latter  rocks 
from  typical  specimens  of  phase  g.  The  problem  thus  merits  further 
inquiry. 

One  of  the  most  peculiar  features  of  the  syenites  which  may  be  seen 
in  all  the  phases,  but  is  best  exemplified  in  this  particular  phase,  is 
the  presence  in  the  rock  of  numerous  dark,  roundish  spots  or  kernels. 
These  vary  from  1  millimeter  to  1  centimeter  in  diameter.  They  occur 
in  all  parts  of  the  rock,  but  are  specially  abundant  in  the  basic  segre- 
gations, which  will  be  more  fully  described  hereafter.  The  kernels 
belong  to  two  classes,  which  show  the  common  characteristic  of  a  core 
and  mantle  structure.  Within  a  relatively  thin  black  outer  covering  of 
felted,  often  radially  arranged,  biotite  (and  less  conspicuously  horn- 
blende) there  is  a  core  of  variable  composition.  The  latter  may  be 
comi)08ed  entirely  of  chlorite  and  magnetite;  of  chlorite,  magnetite, 
biotite,  and  a  uralitic  amphibole;  or  entirely  of  a  light-green  pleo- 
chroic  actinolitic  hornblende.  The  last  mentioned  is  the  commonest 
type  of  core. 

The  mantle  is  to  be  regarded  as  a  reaction  rim.  The  chloritic  cores 
are  the  product  of  the  alteration  of  augite,  probably  in  consequence  of 
metasomatic  action.  The  actinolitic  kernels  are  likewise  plainly 
derived,  but  in  no  one  of  some  twenty-five  slides  could  there  be  found 
a  remnant  of  the  original  mineral  at  the  heart  of  the  kernel.  The 
similarity  in  size  and  general  relations  between  these  and  the  chloritic 
kernels  suggest  that  augite  was  here,  too,  the  original  material  from 
which  the  hornblende  felt  was  constructed.  The  freshness  of  the 
biotite  rim,  the  absence  of  secondary  ore  and  chlorite,  and  the  com- 
plete freshness  of  the  hornblende  core  lead  to  the  conclusion  that  the 
alteration  took  place  before  or  daring  the  consolidation  of  the  rock. 
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This  class  of  kernels  would  thus  fall  into  the  class  of  magmatie  pseu- 
domorphs  after  pyroxene.  One  is  reminded  of  the  analogous  ocellar 
alteration  of  olivine  into  hornblende. 

Chemically  this  phase  is  practically  identical  with  the  green  gran- 
ular rock  (cf.  columns  1  and  2  in  Table  VII).  Mineralogioally  the 
similarity  is  almost  as  close.  The  only  important  difference  is  in.  the 
structure.  Phase  g  may  then  be  classified  as  a  nordviarkHe  with  a 
porphyritic  habit. 

BASIC   SB(iREGATIONS. 

Every  observant  visitor  to  Ascutney  is  struck  by  the  extreme  rich- 
ness of  the  Main  syenite  stock  in  basic  inclosures  of  generally  a 
nodular  form,  and  he  might  also  note  that  they  are  more  abun- 
dant in  the  porphyritic  phase  than  elsewhere  (PI.  V,  B  and  PL  VI). 
They  are  distributed  with  great  irregularity.  Sometimes  they  oocnpy 
as  much  as  one-half  of  the  volume  of  the  rock,  if  one  may  judge  from 
the  appearance  of  even  broad  ledges.  At  other  times  the  nodules  are 
separated  by  many  feet  or  yards  of  the  normal  rock.  Partly  on 
account  of  their  abundance  in  erratics  won  from  the  mountains  a 
well-defined  glacial  bowlder  train  has  been  shown  by  C.  H.  Hitch- 
cock to  exist  in  the  lee  of  Mount  Ascutney.'*  The  nodules  are  dark 
gray  to  dark  greenish  gray  in  color,  spheroidal  or  ellipsoidal  in 
shape  as  a  rule,  and  of  all  sizes  up  to  those  occupying  several  cubic 
feet.  The  section  of  one  of  them,  outcropping  near  the  contact  with 
the  granite  at  the  southeast  end  of  the  mountain,  was  found  to  meas- 
ure L*  by  10  feet.  While  the  much  darker  color  causes  the  nodules  to 
be  in  striking  contrast  with  the  normal  rock  in  hand  specimen  or  in 
ledge,  microscopic  study  proves  an  intimate  dovetailing  and  interlock- 
ing of  the  minerals  between  the  two.  Th(»  nodule  has  not  been 
(Miriched  in  tlie  bi silicates  by  the  special  impoverishment  of  the 
matrix  immediately  surrounding,  for  in  no  case  could  there  l>e  found 
a  zone  about  the  nodule  distinctly  lighter  in  color  than  the  normal 
rock.  This  is  tln^  more  difficult  to  understand  because  of  the  very 
evident  lack  of  flow  structure  in  the  rock  as  a  whole.  The  nodules 
seem  to  hav(^  formed  quietly  in  the  magma  nfUn'  it  had  suffered  its 
"niise  en  place''  and  not  to  have  ])een  disturlwd  in  position  since. 
Even  those  which  are  decidedly  elongated  do  not  show  the  degree  of 
common  orientation  which  we  should  expect  if  they  had  floated  in  a 
streaming  fluid  matrix. 

The  nodular  masses  are  themselves  porphyritic.  Large,  irregularly 
bounded  crystals  of  niicro])erthite,  cryptopcM'tliit-e,  microcline,  ortho- 
clase  and  plagioclase  (averaging  acid  labradorite  Ab,An,),  green  horn- 
blende, and  tlie  usual  diopsidic  augite,  witli  or  without  a  hornblende 
mantle,  form  the  ])henocrysts  (s(»e  PI.  V,  B).  The  dark  matrix  is  a 
fine-grain(»d  granular,  panallotrioniorphic  mass  of  hornblende,  oligo- 
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clase,  biotite,  and  quartz,  with  abundant  grains  or  idiomorphic  crys- 
tals of  titanite,  ilmenit^,  apatite,  and  zircon.  The  microperthite  and 
labradorite  of  the  phenocrysts  and  the  hornblende,  biotite,  and  oligo- 
clase  of  the  groundmass  are  really  the  essential  constituents.  The 
pleochroism  of  the  hornblende  seems  to  indicate  that  it  is  less  alka- 
ine  than  the  amphibole  of  the  matrix. 

a,  pale  yellowish  green. 

b,  grayish  green  (absorption  medium  to  strong). 

c,  grass-green  to  leek-green  (absorption  medium  to  strong). 
b  =  c  >  a. 

As  already  noted  above,  these  segregations  characteristically  contain 
light-colored,  coarsely  crystalline  areas  from  1  to  2  centimeters  in 
diameter,  similar  in  composition  to  the  normal  syenite  of  phase  /,  i.  e. 
equigranular  aggregates  of  alkali-feldspar  and  bisilicates.  These 
have  the  appearance  of  having  f  unctioneil  as  centers  of  crystallization 
during  the  growth  of  the  nodule,  although  there  is  a  complete)  absence 
of  both  radial  and  concentric  structure  in  the  nodules."  In  no  case 
was  there  observed  au  approach  to  the  "Kugelstruktur"  of  the  rock 
at  Virvik  or  at  the  well-known  C'orsican  locality. 

Tlie  specific  gravity  of  the  average  segi'egation  is  near  2.850,  and  is 
thus  considerably  higher  than  that  of  the  matrix,  and  still  higher  than 
that  of  the  molten  magma  which  represented  the  yet  uncrystallized 
matrix.  Unless  that  matrix  possi»ssed  a  high  degree  of  viscosity  dur- 
ing the  formation  of  the  nodules,  they  must  have  sunk  down  in  the 
magma,  and  we  might  expect  to  find  them  concentrated  in  the 
lower  part  of  the  conduit;  yet  they  appear  to  be  distributed  in  about 
equal  average  proportion  in  all  parts  of  the  stock  where  the  porphy- 
ritic  phase  was  found,  whether  at  the  summit  or  2,000  feet  vertically 
below.  This  fact  agrees  with  the  absence  of  flow  structure  in  the 
rock  in  forcing  us  to  take  the  view  that  the  segregations  do  not  lM3long 
to  the  preemptive  period,  as  advocated  by  Lacroix,  Michael  Levy, 
Graber,  and  others  for  other  occurrences.  The  nodules  had  best  be 
referred  to  an  early  stage  in  the  actual  consolidation  of  the  syenite 
already  occupying  its  conduit. 

The  accompanying  Table  VIII  (col.  1)  shows  the  analysis  of  the 
average  segregation  from  phase  (j  (spec.  06).  Columns  3,  4,  and  5 
give,  for  purposes  of  comparison,  the  analyses  of  classic  essexite, 
classic  monzonite,  and  an  average  diorite. 

The  essential  mineralogical  composition  of  these  rocks  is  as  follows: 

1.  Oligoclase,  microperthite,  cryptoi)erthite,  acdd  labradorite,  inicrocline,  ortho- 
claset  hornblende,  biotite,  augite. 

2.  Microperthite.  hornblende,  orthoclase. 

3.  Labradorite,  orthoclase  (nepheline),  augite.  biotite,  l)arkevikitic  hornblende 
(olivine). 

4.  Orthoclase,  oligoclase,  andesine,  labradorite,  angite,  green  hornblende, 
biotite. 


aCf.  ChrnHtschoff,  M6m.  Af-ad.  imp.  »ci.  St.  Petersbourg,  S<»r.  VII,  Vol.  XLII,  No.  3, 1«91,  p  86. 
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Table  VITE. — Analyses  of  basic  segregations,  etc. 


1. 

2. 

8. 

4. 

5w 

SiOa   

56.51 
16.59 

i.sa 

6.59 
2.52 
4.96 
5.15 
3.05 
0.71 
0.21 
0.33 
1.20 
0.04 
0.41 
0.07 
0.24 
0.06 

1  Trace? 

i    0.24 
0.03 
Trace 
Trace 

56.53 
16.47 
1.58 
5.40 
2.67 
4.90 
5.59 
3.80 
0.60 
0.23 
0.05 
1.40 
0.03 
0.27 
0.07 
0.19 
Trace 
Trace 
0.20 
Trace 
Trace 
Trace 

47.94 
17.44 
6.84 
6.51 
2.02 
7.47 
5.63 
2.79 

2.04 

55.88 
18.77 

«8.20 

2.01 
7.00 
3.17 
3.67 

1.25 

56.52 

AlA 

FeoOn    - -  -    

16.31 
4.28 
5.92 

FeO                           

MgO.. 

CaO _ 

4.32 
6.94 

Na^O -- 

3.43 

Kfi 

H,0  above  110"^  C 

1.44 

H-0  below  110°  C 

1.03 

CO2                 ...            

TiOo 

0.20 

0.25 

ZrOa .            .  -     

P-Os  - .    

1.04 

0.40 

CI  .--.   

F 

FeSa  -   -  -               -     

NiO,  CoO    

MnO - 

BaO ...   

SrO 

Li^O - 

0-F,  CI - 

100. 26 
0.11 

100.15 
0.03 
2.849 

99.98 
0.09 

99.89 
Trace 
2.756 

99.92 

99.95 

100.98 

-   -   — 

Total  S-                

1 

Sp.  gr 

"  With  MnO. 

1.  Basic  segregation  in  phase  (j  of  Main  nordmarkite  stock;  analysis  by  Hille- 
brand. 

2.  Basic  segregation  in  dike  of  homblende-paisanite,  Ascutney  Mountain; 
analysis  by  Hillebrand. 

3.  Classic  essexite,  Salem  Neck,  Salem,  Mass.;  analysis  by  Dittrich. 

4.  Average  analysis  of  monzonite,  according  to  Brogger,  Die  Emptivgeeteine 
des  Kristianiagebietes,  Vol.  II,  1895,  p.  39. 

5.  Average  analysis  of  sixteen  t3rpical  diorites,  according  to  Brogger,  ibid., 
p.  37. 

There  is  a  relationship  of  the  segregation  with  each  of  these  types, 
though  that  witli  monzonite  is  the  closest.  The  writer  has  seen  in 
the  laboratory  of  M.  Foiique,  in  Paris,  thin  sections  of  monzonite  from 
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Predazzo,  made  from  a  contact  phase  of  that  rock.  The  structure  and 
the  small  proportion  of  monoclinic  feldspar  showed  close  similarity 
of  this  phase  of  the  mbnzonite  with  the  Ascutney  segregations. 

Two  other  phases  of  the  Main  stock  may  be  noted,  not  only  on 
account  of  their  importance  in  the  field  but  also  becausf>  they  repre- 
sent interesting  extremes  in  the  differentiation  of  the  syenitic  magma. 

Phase  h  outcrops  extensively  in  a  belt  about  400  yards  (366  meters) 
wide  and  adjacent  to  the  contacts  with  diorite  and  gneiss  on  the  north- 
west side  of  the  mountain.  It  is  probably  a  special  part  of  the  endo- 
morphic  zone  of  the  stock,  as  the  phase  has  not  been  found  anywhere 
else  than  in  the  belt  specified  (spec.  34).  This  member  of  the  rock 
body  is  composed  essentially  of  microperthite,  usually  in  Carlsbad 
twins,  and  an  amount  of  quartiZ  sufficient  to  place  the  rock  among  the 
granites.  Biotite,  diopside,  zircon,  and  magnetite  are  the  accessories, 
but  make  up  probably  no  more  than  1  per  cent  of  the  rock.  One  grain 
of  garnet,  another  of  what  is  doubtless  corundum,  two  individuals  of 
a  brown  hornblende,  and  a  few  needles  of  apatite  were  discovered  in 
the  two  sections  that  have  been  prepared  from  this  phase. 

The  original  color  of  the  rock  is  due  to  the  feldspar  and  is  a  striking 
dark  oil  green,  which  is  permanent  in  the  hand  specimen,  and  doubt- 
less represents  a  late  stage  in  the  series  of  color  changes  already 
described  for  the  quarry  rock.  The  structure  is  often  fiuidal  or 
trachytic  as  governed  by  the  tabular  feldspars. 

To  form  an  idea  of  the  relative  proportions  of  the  soda  and  potash 
molecules  in  the  rock  the  specific  gravity  of  some  thirty  cleavage  pieces 
of  the  feldspar  was  determined.  Specific  gravity  could  be  safely  relied 
upon  on  account  of  the  freshness  of  the  rock  and  on  account  of  the  lack 
of  inclusions  in  the  feldspar.  The  average  for  the  thirty  pieces  was 
2.594  at  22°  C. ;  the  range  of  specific  gravity  was  from  2.582  to  2.612. 
The  extinction  angles  showed  that  the  albite  of  the  intergrowth  is 
nearly  pure  and  has  only  a  very  small  intermixture  with  the  lime  mole 
cule.  Accepting  Brogger's  values  for  the  specific  gravities  of  pure 
albite  and  pure  orthoclase  the  average  for  this  rock  corresponds  to  a 
microperthite  in  which  the  two  silicates  occur  in  about  equal  propor- 
tion, with  the  albite  the  more  abundant.  The  specific  gravity  of  the 
rock  is  2.616  at  the  same  temperature.  If  we  assume  that  the  ratio 
Ab:Or=41:35  as  in  the  granitic  phase,  that  the  lime  is  1  per  cent  of 
the  rock  and  the  accessories  1  per  cent,  there  would  be  about  20 
per  cent  quartz  in  the  rock.  This  rough  estimate  agrees  with  that 
made  by  inspection  of  the  thin  sections.  This  phase  is  thus  a  true 
alkaline  granite  at  the  extreme  end  of  the  series  which  leads  to  a  rock 
with  the  composition  of  an  aplite  while  preserving  the  hypidiomorphic- 
granular  structure.  A  very  similar  rock  occurs  near  Stratford,  N.  II. , 
Albany,  N.  H.,  and  Stark,  N.  H.  These  are  illustrated  in  the  collec- 
tion of  Professor  Rosenbusch  at  Heidelberg.  They  all  possess  a 
higher  proportion  of  bisilicates  than  phase  h. 
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Another  variety  of  true  granite,  into  which  the  syenite  is  transi- 
tional, outcrops  at  the  main  summit  of  the  mountain.  It  has  the 
ordinary  pinkish  color  of  the  average  syenite  of  the  stock.  The  com- 
position is  essentially  the  same  as  that  just  described  for  phase  h. 

Phase  L — Near  the  most  westerly  triple  contact  of  granite  stock, 
syenite  stock,  and  phyllites,  a  fourth  phase  of  the  syenite  was  speedily 
noted  in  the  field  as  unlike  all  the  others  in  bearing  an  unusual 
amount  of  dark-colored  minerals  (spec.  111).  The  light-gray  feld- 
spars still  give  the  dominant  tone  of  color  to  this  phase,  which  is  alse 
alkaline.  The  structure  is  that  of  phase/,  equigranular;  the  grain 
is  somewhat  coarser.  Basic  segregations  fail  altogether  or  are  very 
rare.  The  chief  mineralogical  diflference  between  this  phase  and  the 
others  is  found  in  the  character  of  the  feldspars.  Triclinic  feldspar 
is  now  one  of  the  chief  essentials.  It  varies  in  composition  from  the 
labradorite  AbgAn^  to  the  andesine  Ab4Ang.  Microperthite  and  ortho- 
clase,  hornblende,  diopside,  and  biotite,  with  the  properties  of  these 
minerals  in  phase/,  are  the  other  essentials;  the  same  accessories  are 
found  here  excepting  allanite,  monazite,  aud  garnet.  In  addition 
there  is  a  second  hornblende  among  the  essentials,  with  the  following 
scheme  of  pleochroism  and  absorption: 

a,  Yellowish  brown. 

b,  Deep  brown  to  black,  with  specially  strong  absorp- 

tion. 

c,  Deep  brown,  with  a  trace  of  olive-green. 
b  >  c  >  a. 

The  augite  occurs  only  as  cores  in  iiitergrowth  with  hornblende. 
Quartz  is  very  subordinate  among  the  accessories. 

The  basic  character  of  this  phase,  its  richness  in  bisilicate,  the 
presence  of  much  essential  andesine-labradorite,  coupled  with  the 
alkaline  habit  of  the  rock,  are  properties  which  relate  the  rock  clasely 
to  7no7izonit€.  The  resemblance  of  the  Ascutney  hand  specimens  and 
those  from  the  classic  locality  of  Mount  Mulatto  is  very  striking. 

ENDOMORPHIC   ZONE   OF  THE   SYENITE   STOCK. 

All  four  phases  of  the  stock  are  habitually  more  acid  near  the  contact 
than  elsewhere.  Free  (|uartz  is  even  niucroscopically  so  dominant  that 
the  contact  rock  sranips  itself  as  a  true  granite.  The  usual  chilling 
phenomena  occur  within  a  narrow  zone  not  more  than  20  feet  across. 
Three  feet  from  the  contact  the  feldspar  and  quartz  become  idiomorphic 
and  are  emlx^dded  in  a  niicrocrystalline,  often  granophyric,  ground- 
mass,  and  a  granite-pori)hyry  is  thus  developed.  Apophj'ses  fail  to 
show  as  nnicli  bisilicate  as  the  parent  rock  body,  ha^  e  more  free  quartz, 
and  tend  toward  the  structure  of  a  typical  aplite.  Excellent  examples 
may  be  studied  among  som(*  thick  sheets  on  the  north  slope  of  the 
mountain,  below  the  quarry.     This  endomorphic  increase  of  silica  is 
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pHrallelecl  in  the  QiristianiH  region,  where  angite  granite  occurs  as 
the  contact  phase  of  augite  syenite  rich  in  nepheline/* 

GREAT  SYENITE-PORPHYRY  DIKE  OF  LITTLE  ASCUTNEY 

MOUNTAIN. 

The  stock-like  dike  to  which  Little  ^Vscutney  chiefly  owes  its  exist- 
ence is  remarkable  for  following  in  its  general  east-west  course  the 
zone  of  contact  between  the  diorite  and  gneiss  (PI.  VII  and  fig.  1). 
Throughout  its  whole  extent  the  south  wall  of  the  dike  is  schist  and  the 
north  wall  is  either  diorite  or  the  green  dike  mapped  as  •*  paisanite." 
This  replacement  of  the  zone  of  contact  rocks  by  a  later  intrusive  is 
undoubtedly  due  to  the  weakness  of  that  zone,  which  is  elsewhere 
evident  in  the  extensive  brecciation  and  crumpling  of  the  schistose 
rock.  Small  ax)ophyses  from  the  dike  into  both  schist  and  diorite 
clearly  prove  the  syenite-porphyry  to  be  the  younger  rock. 

The  dike  is  quite  uniform  in  composition  from  end  to  end,  though 
there  is  a  coarsening  of  grain  from  the  walls  toward  the  center.  The 
rock  is  almost  the  exact  equivalent  of  the  average  porphyritic  phase 
of  the  Main  syenite  stock,  and  a  detailed  description  is  therefore 
unnecessary  (spec.  76).  Hornblende  and  biotite  are  the  essential 
dark-colored  minerals.  They  and  the  feldspars  again  display  a  great 
amount  of  magmatic  corrosion;  this  caustic  action  is  here,  as  so  often 
elsewhere  in  alkaline  rocks,  responsible  for  the  rarity  of  idiomorphic 
boundaries  among  the  phenocrysts,  as,  indeed,  it  may  be  responsible 
for  the  general  rarity  of  porphyritic  dike  representatives  of  the  alkk- 
line  magmas  as  a  whole.  Plagioclase  seems  to  be  entirely  absent 
from  this  rock  except  in  the  form  of  a  few  rare  phenocrysts  of  an 
acid  oligoclase.  Microperthite  is  not  so  abundant,  either  in  the 
groundmass  or  among  the  phenocrysts,  as  it  is  in  the  porphyritic 
phase  of  the  Main  syenite  stock. 

The  dike  is  to  be  classified  as  a  nordrtiarkite-porphyrij. 

Dark  patches  of  basic  material  are  very  common  in  this  dike. 
They  are  roundish  in  form  and  vary  from  a  fraction  of  an  inch  to  3 
or  4  inches  in  diameter.  In  color  and  general  macroscopic  appear- 
ance they  are  similar  to  the  nodules  from  phase  g  in  the  Main  stock. 
The  correspondence  is  more  fully  shown  in  the  thin  section.  The 
same  constituents  are  present  as  in  the  typical  segregation  of  the 
Main  stock  and  in  the  same  relative  amounts.  That  exception  is 
significant.  Both  in  the  phenocrj'stic  constituents  and  in  the  ground- 
mass  of  the  nodule  microperthite  is  not  so  abundant  as  in  the  nodules 
from  phase  g.  This  fact  indicates  another  proof  of  close  sympatJiy 
between  nodule  and  host  and  of  the  indigenous  origin  of  the  latter. 
The  nodules  themselves  add  another  e\idence  to  the  community  of 
origin  between  this  dike  and  the  Main  stock.  There  can  be  little 
doubt  that  the  two  intrusions  were  products  of  essentially  contem- 
X)oraneous  eruptions  from  a  common  magma. 

a  Zeit.  fttr  Kryst.,  Vol.  XVI,  1890,  p  827. 
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SYENITE  STOCK  OF  PIERSON  PEAK. 

The  same  may  be  said  of  the  small  stock  of  Pierson  Peak.  The 
plan  of  this  rock  body  is  elliptical.  The  longer  axis  measures  400 
yards  (3G6  meters),  running  about  N  70°  E;  the  minor  axis  measurers 
175  yards  (160  meters).  Coarse-grained  apophyses  prove  the  intru- 
sive origin  of  the  rock.  It  is  uniformly  a  coarse-grained,  light  gray 
to  light  pinkish-gray  alkaline  syenite,  with  a  proportion  of  dark 
colored  constituents  which  is  low  even  in  comparison  with  the  phases 
of  the  Main  stock  (spec.  62).  The  structure  is  the  typical  hypidio- 
morphic-granular,  the  order  of  crystallization  that  of  phase/  of  the 
Main  stock.  Microperthite,  orthoclase,  and  biotite  are  the  essentials. 
Quartz,  hornblende,  augite,  apatite,  and  zircon  are  all  notably  rare 
accessories;  more  important  are  titaniferous  magnetite  and  titanite, 
the  latter  being  unusually  abundant.  Basic  segregations  fail  alto- 
gether or  are  extremely'  rare.  The  endomorphic  zone  is  characterized 
by  an  almost  complete  lack  of  colored  constituents  and  of  quartz. 

All  tjie  minerals  have  the  same  characters  as  in  the  granular  phases 
of  the  Main  stock.  The  rock  is  a  nearly  quartzless  biotite-nord- 
markite,  or  pxdaskite.  The  writer  proposes  that  the  existing  diflfi- 
culty  of  differentiating  these  two  rock  types  (compare  cols.  4  and  5, 
Table  VII,  p.  59)  be  obviated  by  confining  the  name  "pulaskite"  to  a 
rock  which  is  in  all  other  respects  the  equivalent  of  the  nordmarkit.^s 
except  in  the  absence  or  subordination  of  accessory  free  quartz  anions 
the  constituents.  Excepting  for  a  higher  proportion  of  bisilicates  in 
the  Arkansas  syenite,  it  would  be  hard  to  distinguish  macroscopically 
this  Ascutney  rock  from  the  classic  pulaskite  of  Fourche  Mountain; 
there  is  similar  close  parallelism  with  a  geographically  remote  occur- 
rence of  the  same  type — that  of  Portella  des  Eiras  at  Monchique, 
Portugal. 

APLITIC  DIKES  CUTTING  THE  SYENITES, 

Three  kinds  of  acid  dikes  have  been  found  cutting  the  various  sye- 
nites of  the  area.  Two  of  these  are  intimately  related  to  the  stock 
phases;  the  third  has  variant  features.  It  maybe  noted  that  there 
is  an  unusual  lack  of  pegmatite  veins  both  in  the  syenites  and  else- 
where about  Ascutney. 

PAISANITE  DIKE  CUTTING  THE  MAIN  STOCK. 

On  the  logging  road  running  up  from  a  sawmill  on  the  northwest 
slope  of  Ascutney  Mountain  proper,  toward  the  main  summit,  a  dike 
was  discovered  in  the  dark-green  granular  phase /of  the  Main  stock 
at  about  the  1 ,600- foot  contour  (see  PI.  VII).  The  general  trend  of  the 
dike  is  northeast-southwest,  but  at  the  road  it  bifurcates  into  two 
branches — one,  40  feet  (12  metei-s)  wide,  striking  N  40"^  E. ;  the  other, 
50  feet  (15  meters)  wide,  striking  N.  25"  E.  The  dike,  as  a  whole,  is 
visible  only  for  about  100  yards  (91  meters) ;  at  each  end  its  continua- 
tion is  lost  in  the  underbrush  and  talus  of  the  steep  mountain  side. 
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The  rock  is  a  light-tinted,  pinkish-gray,  pepper-and-salt,  fine-grained, 
somewhat  porphyritic  aggregate  of  microperthite,  soda-orthoclase, 
qaartz,  and  alkaline  hornblende,  abundantly  charged  with  basic  seg- 
regations, with  kernels  of  biotite  and  hornblende,  and  with  pyroclastic 
feldspars  won  from  the  coarse  syenite  through  which  the  dike  passed 
during  intrusion  (spec.  139).  The  general  habit  is  suggestively  like 
that  of  the  porphyritic  phase  g  of  the  Main  stock,  and  we  must  believe 
that  the  two  are  products  of  the  same  magma.  Yet,  as  we  have  seen, 
the  implication  that  phase  /  and  phase  g  are  of  different  ages  (the 
former  being  cut  by  the  latter)  does  not  agree  with  the  fact  of  obser- 
vation in  the  field.  It  is  probable  that  there  was  not  a  great  interval 
of  time  between  the  intrusion  of  the  Main  stock  and  that  of  this  dike. 

The  dike  is  characterized  by  a  conspicuous  platy  structure  due  to 
jointing,  and,  near  its  walls,  exhibits,  for  the  space  of  a  foot  or  two 
from  the  contacts,  a  strong  fiuidal  character  which  is  the  more  pro- 
nounced as  the  basic  segregations  have  shared  in  the  movement  and 
are  pulled  out  in  long,  dark-colored  streaks  in  the  dike. 

The  phenocrysts  are  either  microperthite  or,  more  rarely,  ortho- 
clase;  they  are  specially  abundant  and  are  difficult  to  distinguish 
from  the  pyroclastic  feldspars.  The  texture  of  the  rock  is  really  con- 
trolled by  the  groundmass,  the  structure  of  which  is  aplitic  or  panal- 
lotriomorphic.  It  is  composed  of  microperthite,  quartz,  and  brown 
hornblende,  with  properties  identical  with  those  of  phase  /  in  the 
Main  stock.  The  hornblende  always  occurs  in  the  fonn  of  small, 
poikilitic,  and  greatly  resorbed  grains.  No  biotite,  diopside,  or  pla- 
gioclase  were  discoverable.  Titanite,  ilmenite,  zircon,  and  apatite 
are,  as  usual,  the  accessories. 

The  pyroclastic  feldspara  are  of  special  interest.  They  occur  as 
single  individuals  or  as  groups  (with  interstitial  quartz)  of  the  same 
structure  and  grain  as  the  country  rock  of  the  dike  itself.  Close  study 
in  the  field  showed  conclusively  that  the}'  are  of  pyroclastic  origin. 
Their  presence  in  the  still  unconsolidated  dike  affected  its  crystalli- 
zation, so  that  many  of  these  foreign  feldspars  are  surrounded  by  typi- 
cal reaction  rims  of  material  considerably  more  basic  than  the  aver- 
age groundmass  of  the  dike.  The  usual  appearance  of  the  feldspar 
inclosure  with  its  basic  aureole  is  illustrated  in  PI.  IV,  B  (p.  58).  The 
feldspar  in  this  case  is  soda-orthoclase,  and  m  the  reaction  of  the  exten- 
sively corroded  feldspar  with  the  matrix,  the  bisilicate  of  the  reaction 
rim  is  even  more  strongly  charged  with  soda  than  the  brown  horn- 
blende of  the  average  groundmass.  The  rim  is  an  interlocking  aggre- 
gate of  microperthite  and  amphibole,  with  abundant  magnetite  and 
some  zircon  and  apatite.  The  amphibole  has  bluish  tones,  as  indica- 
ted by  the  scheme  of  pleochroism  and  absorption. 

a,  brownish  yellow. 

b,  deep  blue-green. 

0,  deep  chestnut-brown,  with  a  tinge  of  blue  on  the  edges. 
b>e>a,  or  perhaps  b=c>a. 
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The  extinction  c; c  is  about  19°. 

This  same  hornblende  forms  minute  basic  segregations  varying  in 
size  up  to  1  or  2  millimeters  in  diameter.  These  lie  in  the  general 
groundmass  of  the  dike,  and  are  not  directly  connected  with  the  pyro- 
clastic  feldspars.  Other  segregations  or  replacements  which  recall 
the  "kernels"  of  the  Main  syenite,  and  yet  show  Somewhat  different 
composition  and  structure,  also  occur  in  the  groundmass.  One  of 
these  is  illustrated  in  PI.  V,  A  (p.  62).  It  is  composed  entirely  of  a 
faintly  pleochroic,  yellow  to  light-brown,  biotitic  mica  arranged  in 
alternating  concentric  zones  with  a  blue  hornblende.  The  pleochro- 
ism  of  the  latter  is: 

a,  pale  straw-yellow. 

b,  deepish  green-blue. 

c,  blue,  with  a  trace  of  green, 
c  about=b>a. 

The  origin  of  these  concentrically  arranged  mica-hornblende  aggre- 
gations has  not  yet  been  determined.  Their  resemblance  to  the  ker- 
nels of  the  Main  syenite,  which  have  been  interpreted  as  magmatic 
pseudomorphs,  is  only  partial.  Especially  difficult  of  understanding 
is  the  recurrence  of  the  zones  of  mica  and  hornblende. 

BASIC   SEGREGATIONS. 

The  usual  basic  segregation  of  the  dike  is  very  similar  to  that  in  the 
porphyritic  phase  of  the  Main  syenite  (spec.  141).  It  is  a  dark-gray, 
mottled  aggregate  of  phenocrysts  and  p>  roclastic  feldspars  surrounded 
by  a  dense,  granular  groundmass  of  panallotriomorphic  brown  horn- 
blende, microperthite,  and  orthoelase.  Here  there  can  be  no  doubt 
that  the  segregation  grew  under  the  directing  influence  of  tfie  large 
feldspars  now  seen  within  their  mass,  for  the  segregation  of  basic 
material  is  decidedly  more  pronounced  in  the  immediate  vicinity  of 
the  feldspars  than  elsewhere  in  the  nodules.  The  nodules  vary  in 
size  up  to  2  or  3  inches  (5.2  to  7.8  em.)  in  diameter.  In  one  slide  a 
large  crystal  of  pale-green  augite  with  a  mantle  of  green  hornblende 
was  found,  suggesting  that,  after  all,  the  kernels  of  this  rock  may 
have  been  derived  from  that  mineral  through  magmatic  influences. 
The  hornblende  of  these  larger  segregations  has  a  bluish  cast,  and 
seems  to  b^^long  to  a  variety  of  amphiboh*  intermediate  between  the 
hornblende  of  the  i*eaetion  rim  described  above  and  the  normal  horn- 
blende of  the  Main  syenite.  The  specific  gravity  of  a  typical  segre- 
gation was  found  to  be  2.750;  that  of  the  parent  rock,  2.033. 

The  chemical  analysis  of  the  average  matrix  in  which  the  basic 
segregations  lie  is  given  in  the  Table  IX,  col.  1,  p.  75;  that  of  an  aver- 
age segregation  from  the  dike  is  entered  in  Table  VIII,  col.  2,  p.  06. 
The  structure  and  composition,  both  mineralogieal  and  chemical, 
relate  the  dike  most  intimately  with  p<us((nite\  as  described  by  Osann 
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(see  Table  IX,  column  5).  If  we  assume  thnt  there  is  5  per  eeiit  of 
soda  in  the  hornblende,  and  that  that  mineml  makes  up  3  jier  cent  of 
the  rock  (a  fair  estimate  after  inspection  of  the  slide),  the  mineral  com- 
I)osition  of  the  rock  can  be  thus  roughly  determined  as  the  following: 

Per  ceut. 

Albite  molecule 36. 4 

Orthoclase  molecule 29. 6 

Qoartz 29.5 

Hornblende ..  .    3.0 

Titanite 5 

Other  accessories 1.0 

100 

The  analysis  of  the  segregation  does  not  lend  itself  to  calculation 
on  account  of  the  abundance  of  the  hornblende,  the  constitution  of 
which  is  unknown.  The  essential  equivalence  of  this  analysis  and 
that  of  the  basic  segregation  from  phase  y  of  the  Main  syenite  is 
striking.  Again,  among  normal  rocks,  we  must  go  to  the  monzo- 
nites  for  the  nearest  allies,  chemically  speaking,  to  these  nodular 
masses.  Mineralogically,  the  greatest  difference  between  segregation 
and  its  matrix  is  found  in  the  absence  of  triclinic  feldspar  in  the 
former. 

COMMON  MUSCOVITE-APLITB  OF  THE   MAIN  STOCK. 

Due  south  of  the  Windsor  quarry,  at  the  2,350-foot  contour,  a. dike 
about  1  foot  (0.3  meter)  in  diameter  traverses  the  s^'enite  at  a  point 
where  the  latter  is  porphyritic  and  full  of  segregations.  No  other 
dike  of  the  same  composition  has  been  discovered  in  the  area,  but  it 
is  highly  probable  that  others  exist.  This  dike  is  a  typical  aplite,  a 
panallotriomorphic  sugary  mixture  of  quartz,  orthoclase,  and  albite, 
with  a  little  microperthitic  feldspar  and  a  few  shreds  of  muscovite 
(spec.  191).  The  last  mentioned  mineral  occupies  certain  areas  in 
the  thin  section  as  if  it  is  secondary  after  feldspar;  in  other  cases, 
patches  of  matted  quartz  and  muscovite  represent  the  filling  of  small 
miaroles  which  are  common  in  the  rock.  Numerous  miarolitic  cavi- 
ties.bearing  terminat-ed  quartz  crystals  and  muscovite  plates  are 
visible  in  the  hand  specimen. 

PAISANITE  DIKE  ON  LITTLE  ASCUTNEY  MOUNTAIN. 

On  referring  to  the  plan  of  Little  Ascutnoy  iutrusives  (fig.  1)  it 
will  be  seen  that  there  is  intercalated  between  the  great  s^^enite- 
porphyry  dike  of  that  ridge  and  the  diorites  on  the  north  a  second 
interrupted  dike,  which  thus  entered  the  same  zone  of  weakness  at 
the  schist-contact  as  that  earlier  followed  by  the  porphyry.  This 
second  dike  is  much  smaller  than  the  first,  but  measures,  neverthe- 
less, about  50  yards  (46  metei*s)  in  width  at  the  broadest  part.  It  is 
probably  this  rock  that  was  referred  to  by  Ilawes  as  the  **granitell 
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of  Littlt)  Ascutiiey.""  It  tjendtt  apuphyHul  tongaes  into  the  diorite 
Hnd  is  similarly  believed  to  he  younger  than  the  porphyry,  although 
only  on  accouiit  of  the  chilling  phenomena  observed  in  hand  speci- 
men and  Blide  from  the  smaller  dike  where  it  is  in  contact  with  the 
other. 

Hints  as  to  the  relationship  of  this  dike  are  to  be  fonnd  in  the  ledge 
and  hand  specimen.  When  quite  fresli  the  rock  is  a  fine  pale  gray 
with  a  blue  tone;  in  a  few  days  it  changes  color  to  the  same  hand- 
some olive-gray  green  which  has  been  descnbed  as  characteristic  of 
the  Windsor  quarry  rock.  The  resemblance  between  the  two  rocks  is 
also  manifest  in  the  wayin  which  they  fracture,  and  in  the  peculiarly 
vibrant  musical  note  given  out  when  a  lai^e  fragment  is  struck  with 
the  hammer.  Certain  of  the  finer  grained  streaks  in  the  quarry  can 
hardly  be  distinguished  from  the  green  dike  in  the  hand  specimen 


Fiu  1  -Sketch  pUi 


Little  Ascntuey  Huuntsin. 


The  rock  is  a  very  fine-graiued  tj-pical  aplite  with  a  sugary,  panal- 
lotrioro Orphic  structure  (spec.  00).  The  essential  minerals  are  nearly 
the  same  as  iu  the  paisanite  just  described  from  the  main  mountain. 
Quartz  is,  however,  quite  prominent  among  the  plienocrj-stic  indi- 
viduals whicli  are  otlierwjse  composed  of  microperthite,  either  in 
separate  crystals  or  in  groups.  The  same  constituents,  with  crypto- 
pcrthitf^'  ami  an  alknli-irun  hornblende  identical  in  characters  with 
that  of  the  Windsor  cjuarry  rock,  ai-e  the  essentials  in  the  groundmass. 
The  quart/,  and  feldspar  "iihenocrysts"  are  connected  through  all 
stages  of  traii.silion  with  the  same  minerals  of  the  groundmass,  and  it 
is  probable  tliat  there  haa  l>een  Itnt  one  generation  of  these  essentials. 
The  hornblemie  is  strikingly  poikilitic,  as  if  corroded  in  the  extreme. 
Biotite,  oligoclase,  magnetite,  apatite,  and  zircon  occur  as  accessories. 

oOeoloey  of  New  Hunpahlra,  Vol.  Ut.  part  1,  IBTS,  p.  BK. 
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Table  IX. — Analysen  of  jxiisaHiteH  and  other  rocks. 


1. 

2.              8. 

4. 

5. 

6. 

SiO,  - 

73.69 
12.46 
1.21 
1.75 
0.17 
0.36 
4.47 
4.92 
0.24 
0.14 
Trace 
0.28 
0.14 
0.04 
0.02 
0. 05 

1 

73.08         77.14 

13.43         12.24 

0. 40          0. 29 

1.49           1.04 

0.14          0.06 

66.50 

16.25 

2.04 

0.19 

0.18 

o.a5 

7.52 
5.53 

«0.50 

73.35 
14.38 
1.96 
0.34 
0.09 
0.26 
4.33 
5.66 

70.19 

ALO, 

11.96 

Pe,0, 

FeO 

MgO 

4.94 
1.18 
0.16 

■•*»0  -»r, .,_...,    .....-_..„_..     ..... 

CaO .- 

0.79 

0.35 

0.65 

Na,0 

4.91           4.64 

4. 54          4. 47 

0.35     1 

1  aO.U 

5.73 

K,0 

H,0  above  110**  C- 

4.06 

H,0  below  110**  C 

CO, 

0.18     1 
Trace? 
0.30 
0.06 
0.06 

J 

TiO, 

0.29 

0.70 

. 

ZrO,-...l --.. 

**"  ^^2    ----------------- 

P.Ok  -..- ---. 

Trace 

CI 

0. 03 

1    0.08 

0.09 

p 

FeS, 

MnO 

0. 15 

.    0.15 
Trac« 

Trace 

0.20 

0.48 

BaO 

SrO 

Faint  tr. 
Trace? 
Trace 

1 

100.09 
0.02 

Trace 

1 

;  Trace 
? 

—  —  —  -_ 

LijO 

CnO 

1 

1 
100. 37 

o=F,a- 

100.03  ' 
0.04 

100.66 

1 

100.46 

99.94 

-  — 

. 

- 

100.07 

99.99 
0.05 
2.628 

Totals ' 

Sp.  AT  _ 

2.61^3 

■ 

1 

"LiOBH  on  ifi:nHion. 


1.  Homblende-paisanite  dike  cutting  Main  syenite,  Ascutney  Mountain ;  analy- 
sis by  Hillebrand. 

2.  Homblende-paisanite  dike  cutting  nordmarkite-porphyry.  Little  Ascutney; 
analysis  by  Hillebrand. 

3.  Lestivarite,  Bass  rocks,  Gloucester,  Essex  County,  Mass. ;  analysis  by  Wash- 
ington, Jour.  Geol.,  Vol.  VU,  1899.  p.  107. 

4.  Classic   lestivarite,  Brdgger,  Die    Eruptivgesteine  des  Kristianiagebietes, 
Vol.  m,  1898,  p.  216:  analysis  by  V.  Schmelck. 

5.  Classic  paisanite,  Osann,  Tscher.  Miner,  u.  Petrog.  Mitth.,  Vol.  XV,  181)0, 
p.  489. 

6.  Average  grorudite,  according  to  Br5gger,  Die  Eruptivgesteine  des  Kristiania- 
gebietes, Vol.  1, 1894,  p.  68. 
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The  chemical  analysis  of  this  rock  is  given  in  Table  IX,  column  '2y 
along  with  that  of  other  rocks  of  related  types.  Their  corresponding 
essential  mineral ogical  composition  is  as  follows: 

1.  Microperthite,  soda-orthoclase,  quartz,  alkaline  hornblende. 

2.  Microx)erthite,  quartz,  soda-orthoclase,  alkaline  hornblende. 

3.  Microi)erthite.  other  alkaline  feldspar,  quartz,  hornblende,  biotite. 

4.  Cryptoi)erthite,  segirine. 

5.  Microi)erthite,  cryptoperthite,  quartz,  riebeckite. 

6.  Quartz,  microx)erthite,  microcline,  albite,  soda-orthoclase,  segirine,  catoforite. 

The  molecular  proportions  for  the  Ascutney  rock  have  been  calcu- 
lated as  follows: 


SiO,- 

A1,0, 

Fe,0, 

FeO. 

MgO 

CaO 

Na,0 

K,0- 

TiO, 

ZtO, 

P.O5 


Analy-Bis. 


73.03 
13.43 
0.40 
1.49 
0.14 
0.79 
4.91 
4.54 
0.30 
0.06 
0.06 


MoleculAr 
proportions. 


1.2165 
.1313 
.0025 
.0207 
.0035 
.0141 
.0792 
.0484 
.00:^6 
.  (X)05 
.0004 


If  we  suppose  that  the  hornblende  has  10  per  cent  lime,  3  per  cent 
soda,  and  40  per  cent  silica  (not  far  from  the  proportions  of  those 
oxides  in  barkevikite),  we  can  get  an  approximate  idea  of  the  quan- 
titative mineral  composition  of  the  rock.  On  these  suppositions  the 
albite  molecule  would  make  up  40  per  cent  of  the  rock.  The  propor- 
tion of  the  same  molecule  would  l)e  38  per  cent  if  the  hornblende  were 
5  per  cent  soda,  and  41.5  per  cent  if  all  the  soda  were  in  the  feldspar. 
The  results  of  the  calculation,  based  on  an  accurate  knowledge  of  the 
composition  of  all  the  minerals,  would  not  be  far  from  the  following: 

Per  t.«nt. 

Alhite  molecule   40 

Orthocbise  molecule 27 

Quartz 27 

Anorthite  molecule 2 

Honibleiule 3 

Accessories 1 

100.0. 

A  comparison  of  columns  1,  2,  and  5  in  Table  IX  shows  at  once  the 
thorough  similarity  of  this  rock  to  elsLHuio,  paisanUe  and  to  the  great 
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aplite  dikes  on  the  northwest  riide  of  the  main  moant.ain.  The  last 
mentioned  we  have  seen  to  be  an  acid  representative  of  the  porphy- 
ritic  phase  of  the  Main  stock;  in  the  same  way  the  Little  Ascutney 
paisanite,  in  its  composition,  evanescent  color,  and  freedom  from 
l)asic  segregations,  is  closely  allied  to  the  gn*a*nitic  phase  of  the  same 
stock.  Both  of  the  Ascatney  paisanites  are  allied  to  grorudite  (column 
0)  and  to  the  "  lestivarite  "  of  £ssex  County  (column  3)  which,  how- 
ever, is  a  type  considerably  divergent  from  classic  lestivarit« 
(column  4). 

BRECCIA  MA88E8  ON  I^ITTI^K  A8CUTKKY  3IOIJNTAIN. 

Inclosed  in  the  green  paisanite  dike  are  2  horses  of  breccia,  the 
larger  measuring  in  plan  25  feet  (7.5  meters)  b}-  8  feet  (2.4  meters). 
In  the  older  adjoining  syenite-ix)rphyry  dike  there  are  at  h^ast  16 
similar  horses  expose<l  on  the  (^rest  of  the  ridge,  as  indicated  on  the 
sketch  map  (fig.  1,  p.  74).  The  largest  of  the  horses  in  the  porphyry 
is  180  feet  (55  meters)  in  length  by  55  feet  (1G.5  meters)  in  breadth. 
The  smallest  one  mapped  covers  8  (2.4  meters)  or  10  (3  meters)  feet 
square,  though  many  smaller  fragments  of  the  same  rock  occur 
scattered  through  the  porphyry. 

These  interesting  bodies  were  first  described  by  the  geological  sur- 
vey of  Vermont.  In  its  final  report  Edward  Hitchcock  developed  a 
theory  of  the  Ascutney  eruptives  which  is  founded  on  the  discovery 
of  the  breccia.     It  can  best  be  expressed  in  his  own  words: 

•  *  *  If  we  ascend  Little  Ascutney,  near  its  west  end,  on  the  top,  just  where 
the  southern  slope  begins,  masses  of  a  conglomerate  of  a  decided  character,  several 
feet  and  even  rods  wide,  appear  on  the  side  of  the  porphyry  and  granite.  All  traces 
of  stratification  in  the  conglomerate  are  lost  and  it  passes  first  into  an  imperfect 
porphyry,  and  this  into  granite  without  hornblende,  in  the  same  continuous  mass, 
without  any  kind  of  divisional  plane  between  them.  Where  the  (Conglomerate  is 
least  altered  it  is  made  up  almost  entirely  of  (quartz  i>ebbles  and  a  larger  amount 
of  laminated  grits  and  slate,  the  fragments  rounded  somewhat  and  the  cement  in 
small  quantity.  It  is  easy  to  see  that  a  metamorphism  has  taken  place  in  all  the 
conglomerate  and  some  of  the  pebbles  might  even  be  called  mica-schist.  In  the 
cement  also  we  sometimes  see  facets  of  feldspar.  In  short,  it  is  easy  to  believe 
that  the  process  of  change  need  only  be  carried  further  to  produce  syenite,  por- 
phyry, or  granite.  One  can  not  resist  the  conviction  that  the  granite  rocks  of  the 
mountain  are  nothing  more  than  conglomerate  melted  down  and  crystallized,  or 
at  least  that  such  was  the  origin  of  part  of  them.^' 

Van  Hise  has  dissented  from  this  view  and  briefly  stated  his  opinion 
that  these  "pseudo-conglomerates "  are  flow  breccias.  He  says :  *' The 
matrices  of  these  rocks  are  thoroughly  crystalline  granular  granite, 
syenite,  or  porphyry.  Thus  they  are  eruptives  which  have  caught 
within  them  fragments  of  the  rocks  through  which  they  have  passed."* 

The  observations  of  the  wi'iterdo  not  agree  with  Hitchcock's  deter- 
mination of  the  relation  between  the  horses  and  the  porphyry.    There 


♦I  Geology  of  Vermont,  IH61,  Vol.  II,  pp.  566-566. 
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is  no  transition  between  the  two,  but  instead  a  very  clean-cut  contact, 
which  is  just  as  distinct  as  that  between  the  porphyry  and  the  schists. 
The  facts  that  lead  to  the  rejection  of  Van  Hise's  theory  of  the  breccia 
will  also  be  briefly  noted. 

The  horses  do  present  in  the  field  the  general  appearance  of  flow 
breccias  (spec.  36).  In  thin  section,  however,  the  compact,  dark 
greenish-gray  cement  resolves  itself  into  an  aggregate  of  clastic  grains 
of  quartz  and  feldspar  in  a  secondary  groundmass  of  argillaceous 
material,  chlorite,  biotite,  and  quartz.  The  biotite  looks  metamor- 
phic  and  is  concentrated  about  magnetit-e,  which  is  comparatively 
abundant.  Small  garnets  are  also  interspersed  in  the  cement  in  great 
numbers,  and,  like  the  biotite,  were,  in  all  probability,  formed  in  the 
partial  alteration  of  the  cement  by  the  heat  and  mineralizers  of  the 
porphyry  intrusion. 

There  can  be  no  doubt  that  such  a  matrix  is  clastic,  and  the  shape 
and  nature  of  the  inclosed  fragments  agree  with  that  interpretation. 
They  are  subangular  or  angular  and  without  visible  stratification. 
In  size  .they  vary  from  those  of  microscopic  dimensions  to  others  hav- 
ing an  area  of  a  square  foot  or  more.  Usually  the  corners  are  sharp 
and  plainly  indicate  that  the  fragments  have  not  been  worked  over 
by  water.  As  Hitchcock  pointed  out,  these  "pebbles"  are  of  many 
different  sorts. 

The  great  majority  of  the  fragments  belong  to  the  schists.  A 
phyllite  composed  of  quartz  and  sericite  (occasionally  with  metamor- 
phic  biotite)  as  essentials,  and  of  graphitic  and  iron  ore  with  zircons 
as  accessories,  is  very  common.  It  is  the  slightly  metamorphosed 
equivalent  of  the  phyllite  in  the  eastern  half  of  the  Ascutney  area. 
The  rocks  of  the  contact  aureole  of  the  main  mountain  are  also  i-ep- 
resented  by  many  fragments  that  are  still  more  altered  forms  of  the 
phyllites  than  the  type  just  mentioned.  Certain  of  the  dark,  fine- 
grained blocks  are  made  up  essentially  of  (;ordierite  rendered  turbid 
by  numerous  microlitic  inclusions,  probably  sillimanite.  The  gneissic 
fragments  are  usually  of  the  varieties  found  in  the  fundamental  for- 
mation at  the  foot  of  Little  Ascutney.  They  are  typical  biotite- 
gneisses,  often  garnetiferous  and  sometimes  charged  with  epidote. 
The  mica-schist  of  the  basal  crystallines  has  a  place  in  the  breccia  as 
a  biotite-quartz-schist  with  little  accessory  material.  An  amphibo- 
lite,  identical  in  composition  with  that  described  from  the  locality  at 
the  foot  of  Crystal  Cascade,  is  likewise  present  among  the  blocks. 

Quartz  occurs  as  large,  angular  pieces  from  single  crystals,  as  com- 
pact quartzite,  and  as  a  chalcedonic  variety.  Granular  epidote  with 
some  quartz  forms  smaller  fragments  up  to  1  inch  (2.6  centimeters)  in 
diameter,  suggesting  the  equivalent  of  the  metamorphosed  limestone 
of  the  Ascutney  contact  zone.  Large  broken  crystals  of  orthoclase  are 
also  common  and  are  unqu(^sti()na])ly  fragmental  in  the  same  sense  as 
the  cement.     So  far  as  known,  there  is  only  one  igneous  rock  among 
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the  breccia  fragments,  and  it  is  one  of  the  least  abundant  kinds.  It 
is  a  typical  granite-i)orphyry  with  an  ideal  development  of  idiomor- 
phic  quartz  and  feldspar  phenocrysts.  The  only  dark-colored  con- 
stituent is  biotite,  the  lamellse  of  which  are  always  grouped  after  the 
manner  of  segregations  and  never  seem  to  form  true  phenocrysts. 
This  is  the  only  component  of  the  breccia  which  is  not  to  be  found  in 
crystalline  schists  surrounding  Ascutney.  The  breccia  cement  itself 
may  be  regarded  as  the  comminuted  remains  of  the  broken-up  schists. 
Each  of  these  great  horselike  inclusions  is  now  seen  to  have  the 
composition,  structure,  and  possible  field  relations  of  a  true  fault 
breccia.  The  most  satisfactory  explanation  of  them  would  attribute 
them  to  the  disrupting  action  of  vigorous  and  long-continued  differ- 
ential movements  in  an  ancient  zone  of  dislocation.  That  zone  was 
perhaps  nearly  coincident  with  the  presi^nt  course  of  the  two  large 
dikes  in  which  the  horses  are  embedded.  The  faulting  gradually 
prepared  the  material  and  recemented  it  into  a  new,  tough,  solid  rock. 
Later,  the  invading  eruptives  carried  off  large  masses  of  it  as  they 
forced  their  way  along  the  old  zone  of  dislocation  and  consequent 
weakness.  The  average  specific  gravity  of  the  horses  is  about  2.79; 
that  of  the  syenite  porph3a'y,  2.646.  It  is  reasonable  to  suppose  that 
the  immersed  blocks  of  breccia  sank  to  their  present  position  rather 
than  that  they  were  carried  up  from  below. 

BIOTITE-GRANITE  STOCK. 

The  second  of  the  stocks  which  go  to  make  up  the  main  mountain 
is  much  the  smaller  of  the  two.  The  total  area  is  about  1  square 
mile  (2.6  sq.  km.).  The  highly  irregular  contact  line  touches  both 
syenit^e  and  phyllites  (see  PI.  VII). 

That  this  rock  (an  alkaline  hiotite-granifs)  must  be  referred  to  a 
period  of  intrusion  different  from  that  of  the  Main  stock  was  a  matt-er 
of  somewhat  prolonged  study  in  the  field.  An  earl}*^  examination  of 
specimens  and  outcrops  indicated  that  on  the  southeast  side  of  the 
mountain  along  the  contact  with  the  schists  tliere  w(^re  two  X)oint8 
where  the  igneous  rock  changed  from  a  quartzless  hornblende-bearing 
phase  to  a  highly  quartzose  phase,  devoid  of  all  dark -colored  essen- 
tials save  an  occasional  shred  or  plate  of  biotite.  This  change  was  in 
all  cases  sudden,  and  each  phase  held  its  character  for  a  long  distance 
from  their  common  ('ontact  with  the  schists.  A  second  visit  to  the 
same  localities  explained  the  true  relations.  It  showed  that  the  gran- 
ite is  not  of  the  nature  of  an  acid  flow  streak  on  a  large  scale  in 
the  syenite,  but  that  the  former  was  intruded  after  the  syenite  had 
consolidated.  A  characteristic  endomorphic  zone  that  developed  in 
the  granite  will  be  described  below.  A  slight  amount  of  alteration 
in  the  syenite  itself  may  be  detected.  It  is  of  the  nature  of  the 
formation  of  a  secondary  granophyric  structure  among  the  feldspars 
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of  the  once  thoroughly  granular  syenite,  but  it  is  sufficient  to  empha- 
size here  the  granitic  apophyses  in  the  nordmarkite  as  a  proof  of  the 
younger  date  of  the  more  acid  rock. 

In  one  of  these  apophyses  about  fi  inches  (15.2  centimeters)  in  width 
the  walls  of  syenite  must  have  been  already  solid  when  the  granite 
was  intruded,  since  out  from  them  have  been  developed  a  large  num- 
ber of  quartz  prisms  standing  squarely  on  the  walls  and  terminated 
with  the  usual  planes  at  the  free  ends,  which,  of  course,  point  toward 
the  middles  of  the  apophysis.  The  prisms  average  3  or  4  centimeters 
in  length  by  1  centimeter  in  thickness.  Other  large  crystals  similar 
to  these  sessile  ones  are  to  be  seen  completely  surrounded  by  the 
granitic  matrix;  they  are  doubly  terminated.  This  apophysis,  while 
thus  allied  to  the  pegmatites,  is  yet  believed  to  be  a  true  offshoot  of 
the  granite  because  of  the  identity  of  composition  existing  between 
its  matrix  and  the  material  of  the  more  normal  apophyses.  An  anal- 
ogy is  to  be  found  in  a  syenite  dike  cutting  the  classic  laurvikite, 
wherein  cryptoperthite  crystals  take  the  place  of  the  large  quartzes  of 
the  Ascutney  dike.^ 

The  granite  has  been  mapped  with  a  fairly  close  degree  of  accuracy. 
The  very  dense  second-growth  timber  and  a  lack  of  outcrops  pre- 
vented the  discovery  of  the  contact  line  in  some  places. 

In  three  abandoned  quarries  situated  in  the  southern  lobe  of  the 
stock,  about  250  yards  (225  meters)  from  the  schist  contact,  a  more 
or  less  well-developed  master  jointage  is  to  be  seen.  It^  chief  interest 
consists  in  the  evident  independence  of  this  jointAge  and  the  present 
topography  of  the  deep  valley  in  which  the  quarries  are  situated. 
The  latter  lie  on  an  east-west  line.  At  the  main  quarry*,  in  the  mid- 
dle, the  joint  planes  dip  about  15^  south,  or  a  few  degrees  east  of 
south.  At  the  eastern  and  western  quarries  they  are  found  to  swing 
into  an  easterly  and  westerly  direeti(m  of  dip  respectively.  In  the 
western  quarry  the  ground  slopes  east  by  south;  in  the  eastern,  west 
by  south.  In  other  words,  the  jointage  is  quaquaversal  in  the  bottom 
of  a  steep- walled  ravine  or  gorge.  It  must  be  said  that  such  jointing 
can  hardly  be  explained  by  the  formation  of  concentric  rift- planes 
through  atmospheric  changes  of  temperature.  The  conditions  seem 
rather  to  confirm  the  more  general  view  that  the  structure  is  an  orig- 
inal phenomenon  due  to  cooling. 

The  granite,  excepting  in  a  narrow  contact  zone,  remains  quite  uni- 
form in  eharaeter  thi'oughout  the  stock.  It  is  a  typical  pseudo- 
porphyritic  alkaline  biotite-granite  (spec.  2).  The  color  is  a  light 
grayish  pink,  the  grain  medium  to  coarse,  the  structure  hypidiomor- 
phic  granular  in  1  he  groundmass.  The  pheiiocryst-like  constituents 
are  quartz,  mieroperthite.  orthoclase,  and  soda-orthoclase  (with  a  spe- 
cific gravity  of  2.584  at  10''  C),  accompanied  hy  a  small  proportion  of 
biotite  individuals.     1'hese    minerals  have  the  same  features  as  in 
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the  nordmarkites.  They  compose  the  groundmass  in  which  a  con- 
siderable amount  of  multiple-twinned  albite  (near  Abg  AU})  and 
titanite  with  some  magnetite,  zircon,  apatite  also  occur.  The  pheno- 
crysts  are  not  sharply  separated  from  the  groundmass  in  size,  and  it  is 
likely  that  there  has  been  only  one  generation  of  those  constituents. 
The  biotite  is  nearly  uniaxial.  The  large  amount  of  FeO  in  the  analy- 
sis suggests  that  it  is  a  lepidomelane.  Titanite  Ls  beautifully  crystal- 
lized with  the  ordinary  rhombic  outlines  and  well-developed  prismatic 
cleavage.     Its  pleochroism  is  strong: 

a,  pale  yellow. 

b,  yellow. 

c,  reddish  yellow. 
o>b>a. 

Pseudomorphs  of  magnetite  (ilmenite?)  after  titanite  are  not  uncom- 
mon. In  one  out  of  seven  slides  made  from  this  rock  a  single  small 
individual  of  pale-green  amphibole  was  discovered.  Augite  fails 
entirely.  Here,  as  in  the  other  stock  rocks  of  the  area,  the  quartz  is 
rich  in  liquid  and  gaseous  inclusions  and  in  negative  crystals  arranged 
in  lines  and  also  provided  with  double  bubbles  of  gas  immersed  in 
liquid. 

The  order  of  crystallization  is  the  normal  one: 

1.  Titanite,  apatite,  zircon,  and  magnetite. 

2.  Lepidomelane. 

3.  Albite  and  orthoclase. 

4.  Microperthite. 

5.  Qnartz. 

The  essential  oxides  (see  Table  X,  col.  1,  p.  84)  and  their  molecular 
proportions  are  noted  in  the  following  table: 


SiO,.. 
A1,0,. 
Fe,0, 
FeO.. 
MgO. 
CaO.. 
Na,0. 
K,0.. 
TiO, . 
ZrO,. 

PA- 


alysiH. 

Molecalar 
proportions. 

71.90 

1.1980 

14.12 

0.1382 

1.20 

0.0070 

0.86 

0. 0120 

o.a:3 

0.0082 

1.13 

0. 0201 

4.52 

0. 0723 

4.81 

0.0511 

0.35 

0.0043 

0.04 

0.0003 

0.11 

0.0008 

If  all  the  TiOj  be  ascribed  to  titanite,  and  if  wo  assume  that  the 
mica  contains  10  per  cent  MgO,  8  per  cent  K^O,  and  40  per  cent  SiOj, 
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the  analysis  may  be  calculated  and  the  quantitative  mineralogical 
composition  determined,  with  small  degree  of  error,  as  follows: 

Per  cent. 

Albite  molecule 37.9 

Orthoclase  molecnle 27. 0 

Quartz 25.0 

Anorthite  molecule 3. 9 

Biotite 3.3 

Magnetite 1.6 

Titanite 0.9 

Apatite 0.3 

Zircon . .  0. 1 

100.0 

Chemically,  this  rock  is  an  ideal  equivalent,  among  the  alkaline 
rocks,  of  granite  among  the  nonalkaline  eruptives,  a  biotite-granite 
characterized  by  a  high  total  of  alkalies  with  the  soda  and  potash  in 
nearly  equal  proportion.  Iron,  lime,  and  magnesia  are  all  low.  It  is 
again  to  the  Christiania  region  that  we  must  go  for  the  already 
described  type  nearest  to  this  one.  The  '*granitite"  of  Lier  affords 
an  analysis  which  is  noted  in  column  4,  Table  X.  In  the  Norwegian 
field,  as  at  Ascutnej^  the  biotite-granite  is  the  youngest  eruptive 
excepting  the  lamprophyres.  A  close  and  interesting  correspondence 
between  these  two  rocks  is  further  illustrated  in  the  character  of  the 
endoniorphic  contact  phase.  It  is  notably  granophyric  and  miarolitie 
in  the  Norwegian  occurrence,  and,  as  we  shall  see,  is  in  these  respects 
similar  to  the  Ascutney  rock. 

BASIC   SEGREGATIONS   IN   THE   GRANITE. 

The  homogeneity  of  the  biotite-granite  is  affected  by  the  presence 
of  nodular  basic  segregations  which,  while  not  nearly  so  abundant  as 
in  the  nordmarkites,  are  characteristic  of  the  rock.  They  vary  in 
color,  composition,  and  size.  Three  classes  may  be  distinguished,  not 
only  from  each  other,  but,  as  well,  from  the  metamorphosed  schist 
inclusions,  which  occasionally  appear  within  the  mass  of  the  stock. 

Tlie  commonest  segregation  is  of  a  more  basic  character  than  the 
other  two  kinds  (spec.  la).  It  is  dark  greenish  gray  in  color,  spher- 
ical, oval,  or  lenticular  in  form,  and  in  the  hand  specimen  sharplj' 
outlined  against  its  host.  In  thin  section,  however,  it  is  once  more 
seen  that  this  macroseopically  sharp  outline  of  a  segregation  does  not 
forbid  a  very  intimate  interlocking  of  its  minerals  with  those  of  the 
host.  The  size  may  vary  from  that  of  a  pea  to  nodules  as  large  as  a 
man's  fist.  Under  the  microscope  the  nodule  is  seen  to  be  a  panallo- 
triomorphic  ag^rc^rate  of  much  biotite,  hornblende,  and  triclinic  feld- 
spar always  close  to  and  averaging  the  oiigoclase,  AbjAn,,  together 
with  smaller  amounts  of  microperthite  and  orthoclase.  Interstitial 
quartz,  much  titanite  and  apatite,  and  a  remarkably  small  amount  of 
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magnetite  comprise  the  accessories.     The  hornblende  is  not  identical 
with  that  of  the  syenite  nodules,  as  is  shown  by  the  pleochroism : 

a,  pale  yellowish  green. 

b,  olive-green  (medium  to  strong  absorption). 

0,  olive-green  with  a  strong  bluish  cast  (medium  to  strong 

absorption). 
b>o>a. 

The  other  constituents  have  the  same  i)roperties  as  the  parent  rock. 
Often  in  this  class  of  segregation  there  are  small  secondary  nodules 
of  nearly  pure  biotite  and  hornblende,  some  of  which,  by  the  concen- 
tration of  the  mica  around  the  periphery,  recall  the  kernels  of  the 
nordmarkites.  On  the  other  hand,  the  general  continuity  of  the  main 
segregation  may  be  interrupted  by  light-colored  spots  composed  chiefly 
of  oligoclase,  quartz,  and  idiomorphic  hornblende. 

But  one  example  of  the  second  type  of  segregation  has  been  found. 
This  is  a  gray,  roundish  mass  about  7  feet  (2.1  meters)  in  diameter 
occurring  near  the  2, 100- foot  contour  close  to  the  northern  contact 
(with  the  syenite)  of  the  great  southwestern  tongue  of  the  granite 
(spec.  113).  This  large  nodule  is  strongly  alkaline,  the  predominant 
feldspars  being  microperthite,  albite  (pure  or  charged  with  the  anor- 
thite  molecule  up  to  the  limit,  AbgAn,),  microcline,  and  probably 
cryptoperthite — named  in  the  order  of  their  abundance.  Free  quartz 
makes  up  probably  as  much  as  one-third  of  the  rock.  A  hornblende 
that  has  not  been  observed  in  any  other  rock  of  the  area  is  the 
remaining  essential.  It  forms  long,  narrow,  microlitic,  irregularly 
terminated  blades.     It  is  pleochroic  according  to  the  scheme : 

a,  light  greenish  yellow. 

b,  deep  brownish  green. 

0,  deep  brownish  green  with  a  strong  bluish  tinge. 
b=o>a. 

Much  idiomorphic  titanite,  a  few  rare  corroded  plates  of  biotite, 
many  crystals  of  magnetite,  considerable  apatite,  and  very  rare  zircons 
form  the  list  of  accessories.  The  structure  is  here  hypidiomorphic 
granular. 

Allied  to  the  second  type  is  a  third  class  of  the  segregations,  type 
analyses  of  which  are  given  (Table  X,  cols.  2  and  3,  p.  84).  Here  the 
biotite  is  much  more  common  than  the  hornblende,  the  feldspars  and 
accessories  remaining  the  same  in  nature  and  relative  abundance 
(spec.  lb).  Quartz  is  not  so  abundant.  The  structure  is  the  hypidio- 
morphic granular.  The  feldspars  are  somewhat  altc^red,  as  is  indi- 
cated in  the  chemical  analysis.  Calcite  and  a  little  rauscovite  are  the 
secondary  produc^ts.  The  microscopic  diagnosis  and  the  analysis 
agree  in  putting  these  segregations  among  the  alkaline  quartz  syenites 
(ftkerites).  Again,  it  will  he  observe<l  that  there  is  an  especially  large 
amount  of  the  mineralizer,  fluorine,  in  the  segregation. 
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Table  X — Analysis  of  biotite-granite. 


I. 

t. 

3. 

•     4. 

SiOj 

71.  W) 

14.12 

1.20 

0.86 

0.83 

1.13 

4.52 

4.81 

0.42 

0.18 

0.21 

0.35 

0.04 

0.11 

1         0.02 

'         0.06 

Trace. 

59.27 
15.76- 
2.07     1 
3.57 
3.04 
3.69 
5.63 
3.83 
0.74 
0.28 
0.30 
1.12 
0.04 
0.42 
0.08 
0.42 
0.07 

Trace. 
0.37 

Trace? 
Faint  tr. 

Trace. 

100. 10 
0.19 

99. 91 
0. 037 
2.661 

56.01 
«15.19 
2.84 
4.89 
4.67 
4.85 
5.66 
2.16 
0.36 
0.90 
Undet. 
1.13 

75. 74 

ALO. 

18.71 

**    l^^o      -------------------------------- 

Fe,0. 

1 

FeO 

0.55 

MgO 

Trace. 

CaO 

1.26 

Na,0 

3.72 

KoO 

4.69 

H,0  above  110"  C 

HjO  below  110"  C 

I          0.46 

CO, 

^'a    ---- -- —  — --------_.•.._■_ 

TiO, 

0.17 

ZrO, 

-..^2 ....--_...  j.„,i_..      — 

P.Oj 

0.53 

Undet. 

Undet. 

0.09 

0.08 

0.40 

Trace? 

M.  2^^o -.-.--------.- 

CI. 

F 

FeS, 

NiO,Co() 

MnO 

0. 0.") 
0.04 

Trace. 

Trace. 

100. 35 
0. 03 

100.32 
Trace. 
2.6K5 

BaO- 

SrO 

Li,o ..: 

0=F,C1 

99.21 

100.30 

_.  _ 

Total  S 

Sp.  gr. 

3.720    

1 

"  With  7aO:. 

1.  Biotite-granite,  Ascutneyville  (luarries:  analysis  by  Hille})raud. 

2.  Basic  segregation  in  the  biotite-granite:  analysis  l)y  Hillebrand. 

3.  Another  s;iniple  of  the  last,  containing  more  hornblende:  analysis  by  Hille- 
brand. 

4.  '■  Granitite '■  from  Lier.  Christiania  regiim:  Brogger,  Zeit.  fiir  Kryst.,  Vol. 
XVI,  IHDO,  p.  73. 

KXDOMOKI'HIC    ZONK    OF   THE    (JKANITK. 


Tlic  ilotcction  in  tlio  li(»l(l  of  tlu»  actual  plane  of  contact  of  granite 
and  svcnito  is  rendered  coniparat  iv(dv  <'asv  on  account  of  a  eon- 
spieuous  structural  variation  which  characterizes  tlie  endoinorphic 
zone.     At  the  average  distance  of  i'<>  feet  (tl.l  meters)  from  the  eou- 
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tact  the  normal  granite  becomes  much  more  porphyritic  in  appear- 
ance (spec.  105).  The  phenocrysts  are  chiefly  quartz,  which  may 
either  retain  its  dimensions  in  the  normal  rock  or  may  form  much 
larger  doubly  terminated  crystals.  The  groundmass  is  much  liner 
grained,  though  always  holocrystalline,  and  is  either  granophyric  or 
identical  in  general  structure  with  the  normal  granite.  Large  ter- 
minated crystals  of  quartz  may  sometimes  be  seen  projecting  from 
the  syenite  into  the  granite  in  the  same  way  as  in  the  apophyses 
already  described.  Especially  marked  on  the  ledges  of  the  contact 
zone  are  abundant  roundish  miaroles  from  1  inch  (2.6  centimeters) 
to  3  inches  (7.8  centimeters)  in  diameter,  either  completely  filled  with 
crystalline  matter  or  presenting  cavities  lined  with  well-formed 
crystals  (si)ec.  106). 

The  usual  occupants  of  the  miaroles  are  quartz  crystals  showing 
the  common  terminal  and  prismatic  planes  and  crystals  of  the  same 
feldspars  as  occur  in  the  granite  proper.  The  feldspars  are  flesh  col- 
ored or  light  brownish  and,  in  thin  section,  turbid.  They  bear  the 
planes  (001)  (010)  (110)  (101)  (201)  (021)  and  (111);  (010)  and  (001) 
are  especially  well  developed.  The  commonest  of  these  feldspars 
seems  to  be  a  genuine  microperthite.  It  illustrates  in  excellent 
fashion  the  rare  Manebacher  law  of  twinning  and  the  murchisonite 
cleavage.  The  triclinic  feldspar  of  the  intergrowth  is  pure  albite, 
giving  an  extinction  angle  of  19°  on  (010).  Microcline  and  orthoclase 
crystals  also  occur  in  the  miaroles.  The  latt>er  has  the  small  optical 
angle  of  sanidine.  Finally,  pseudomorphs  of  limonite  after  siderite 
completes  the  list  of  the  minerals  which  have  been  found  in  the  mia- 
roles. Biotite  seems  to  be  absent.  A  close  pai*allel  to  this  endo- 
morphic  zone  is  furnished  in  the  aplitic  granophyre  describe<l  by 
Brogger  as  the  contact  phase  of  the  alkaline  biotite-granite  of  Lier,^ 
which  in  other  resijects  resembles  the  Ascutney  rock. 

The  endomorphic  zone  has  been  enriched  by  the  incorporation  of  a 
certain  amount  of  basic  material  evidently  derived  from  the  syenite. 
In  the  granophyric  groundmass  there  are  sporadic  irregular  granular 
areas  impregnated  with  an  alkaline  hornblende  near  barkevikite  and 
biotite.  These  are  not  found  where  the  granite  is  in  contact  with  the 
phyllites. 

liAMPROPHYRES. 

A  number  of  dikes  of  lamprophyric  habit  cut  the  syenites  at  various 
points,  and  rocks  of  the  same  character  intersect  the  Basic  stock  an<l 
the  schists.  No  such  dike  has  been  discovered  in  the  granite  stock, 
but  it  is  probable  that  they  are  all  younger  than  that  stock.  They 
belong  either  to  the  class  of  camptonites  or  to  the  class  of  diabases. 
A  similar  association  of  the  two  groups  in  the  same  region  has  been 
described  by  Kemp  as  occurring  on  the  Maine  coast.* 


aZeit.  far  Kryat.,  Vol.  XVI,  im\  p.  72.  ftBull.  Gool.  Soc.  Am.,  Vol.  1, 1890,  p.  a2. 
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CAMPTONITES. 

At  the  top  of  Little  Aseutney  a  eamptonitic  dike  cuts  the  nord- 
raarkite-porphyry  dike,  the  paisauite  dike,  a  horse  of  the  breccia, 
and  the  diorite.  The  i*ock  is  a  very  compact  grayish-black  mass,  in 
which  here  and  there  a  hornblende  crystal  and,  more  rarely,  a  feld- 
spar appear  as  phenocrysts  (spec.  57).  In  thin  section  it  is  seen  to  be 
an  acid  camptonite  of  the  usual  structure  and  composition.  The 
hornblende  phenocrysts  are  idiomorphic  and  measure  from  1  to  3 
millimeters  in  length.  The  pleochroism  and  absorption  are  those  of 
a  common  basaltic  hornblende: 

a,  pale  brownish  yellow. 

b,  deep,  rich  brown. 

c,  deep,  rich  brown. 
c>b>a 

The  extinction  on  (010)  is  about  15°  30'. 

The  plagioclase  is  apparently  very  uniform  in  composition  and 
averages  the  basic  labradorite,  AbjAug,  both  in  the  rare  phenocrysts 
and  in  the  groundmass. 

The  rock  is  greatly  altered,  and  this  characteristic  adheres  to  all 
the  camptonitcs  of  the  area.  Chlorite,  epidote,  calcite,  secondary 
quartz,  and  kaolin  are  the  products  of  decomposition. 

Analysis  1,  in  Table  XI,  represents  the  approximate  composition  of 
the  average  camptonite  of  the  area  (spec.  74).  It  was  made  from  a 
type  differing  from  that  just  described  in  containing  a  small  propor- 
tion of  augite  in  the  groundmass  and,  more  rarel}',  among  the  pheno- 
crysts. The  feldspar  is  here  again  the  labradorite  Ab^Aug.  The 
augite  is  much  altered  (into  nralitic  amphibole,  chlorite,  and  the 
ores)  from  its  original  diopsidic  condition.  Dikes  coiTCsponding  to 
this  analysis  were  found  cutting  the  syenite  on  the  Windsor  trail 
about  500  yards  (457  meters)  from  tlie  main  summit  of  Aseutney 
Mountain,  cutting  coarse  diorite  in  the  saddle  at  the  east  end  of 
Little  Aseutney,  and  cutting  gneiss  east  of  the  notch  road  and  south- 
west of  Brownsville. 

While  there  is  a  noteworthy  difference  between  this  analysis  and 
that  of  Hawes's  classic  camptonite,  the  former  agrees  well  with  the 
average  analj'sis  of  camptonite  as  calculated  by  Brogger  (cf.  Table 
XL) 
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CAMPTONITE. 
Table  XI. — Analysis  of  camptonite. 
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ao, 

Ai,o, 

Fe,0, 

PeO 

MgO 

CaO 

Na,0 

K,0 

H,0  above  110'  C 
H,0  below  110''  C 

CX), 

TiO, 

ZrO, 

PA 

a 

p 

Pes, 

NiO.CoO 

MnO 

BaO 

SrO 

Li,0 

CnO 

o=p,a 

Totals 

Sp.gr 


1. 

48.22 

14.27 
?.46 
9.00 
6.24 
8.45 
2.90 
1.98 
1.66 
0.28 
0.15 
2.79 
0.03 
0.64 
0.10 
0.05 
0.36 
0.03 
0.20 
0.04 

Trace. 

Trace. 

Trace. 


99.80 
0.04 


99.76 

0.19 

2. 810-2. 869 


2. 


41.94 
15.86 
3.27 
9.89 
5.01 
9.47 
5.15 
0.19 


8. 


43.65 
16.29 


14.76 
5.96 

10.16 
8.05 
1.50 


}        3.29 
2.47 

4.15 

4.63 

0.25 

1 

100.44 

100.00 

i 

. 

1 

1.  Camptonite  dike,  Ascutney  Monntain:  analysis  l)y  Hillebrand. 

2.  Classic  camptonite.  Campton  Falls.  N.  H.:  Rosenbnsch:  Elem.  der  Q^steins- 
lehre,  2d  ed.,  1901,  p.  244. 

3.  Average  analysis  of  eight  camptonite  dikes:  Brogger:  Quart.  Jonr.  (>eol. 
Soc.,  Vol.  L,  1894,  p.  26. 

The  hornblende  has  not  been  analyzed;  it  is,  hence,  not  possible  to 
calculate  the  analysis.  The  specific  gravity  of  these  dikes  varies 
from  2.810  to  2.860;  on  account  of  alteration,  no  two  pieces,  even 
from  the  same  hand  specimen,  will  agree  in  specific  jjravity. 

DIABASE  DIKES. 

The  second  class  of  melanocratic  dikes  comprises  compact,  eqiii- 
granular  or  porphyritic  diahast^s  of  normal  composition  and  structure, 
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thus  not  differing  essentially  from  the  common  dikes  of  the  same  rock 
occurring  so  abundantly  up  and  down  the  Connecticut  Valley 
(spec.  120).  The  feldspar  is  here  also  near  the  basic  labradorite 
Ab2An3.  Like  the  pale-green  intersertal  augite,  it  is  much  affected 
by  weathering;  the  products  of  the  change  are  the  same  as  in  the 
camptonites.  A  sulphide,  probably  pyrite,  is  visible  in  notable 
amount,  even  in  the  hand  specimen.  The  magnetite  is  strongly  titan- 
iferous.  Zircon  and  titanite  are  absent,  and  there  is  comparatively 
little  apatite.  The  specific  gravity  was  measured  at  2.922.  The 
total  analysis  is  given  in  Table  XII.  It  corresponds  to  that  of  a 
common,  somewhat  weathered  diabase. 

Table  XII,— Analysis  of  diabase  (by  HUlebrand) 

SiO, - 49.63 

AlA 14.40 

Fe^Os - -   2.85 

FeO - ---  8.06 

MgO... 7.25 

.  CaO 9.28 

NajO 2.47 

K2O 0.70 

H2O  above  110"  C 1.47 

H2O  below  HO**  C , - 0.27 

CO2 - - 1.36 

TiO, 1.68 

ZrOj Trace? 

P2O5 - .  -  -  0. 25 

CI...       0.07 

F Trace 

Fea, - 0. 22 

NiCCoO... 0.04 

MnO 0.17 

BaO - .     .  - Trace? 

SrO  - Trace? 

Li.O -  -  -  -  Trace 

100.17 
0=F,  CI -- 0.02 

100. 15 

Total  S . .   -   - - 0. 12 

Sp.  gr-. 2.922 

SUMIVLVRY. 

The  list  of  eruptive  rocks  in  Mount  Ascutney  includes  the  Basic 
stock  of  pi])bros  and  diorites  transitional  into  one  another  and  into 
an  acid  c^ssexitie  i)hase,  ramifying  dikes  of  younger  diorite,  dikes  of 
a  rock  type  not  heretofore  described  an<l  called  *' win dsorite"  from 
this  Asent ney  oeeurrenee,  the  nordniarkite-porphyry  dike-like  stock 
of  Little  Aseiitn<\v,  tlie  pulaskite  stock  of  Pierson  Peak,  the  great 
paisanite  dike  of  Little  Ascutney,  the  variable  nordmarkites  of  the 
Main  syenite  stock  with  granitic  and  nionzonitic  phases,  the  homo- 
«'enoons  alkaline  hiotite  granite  of  tlu*  Ascutney ville  stock,  and  the 
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aplites  and  lainprophyres  (diabase  and  camptonites)  cutting  nearly 
all  the  other  bodies. 

Chemically,  the  series  of  eruptives  as  a  whole  is  characterized  by 
normal  silica,  high  alkalies,  the  potash  slightly  predominating,  nor- 
mal alumina,  medium  iron,  low  magnesia,  low  lime,  and  high  titanic 
oxide.  Mineralogically,  they  are  rich  in  feldspar  which  is  generally 
microperthitic,  and  are  poor  in  biotite  and  bisilicates.  Especially 
noteworthy  is  the  extraordinary  development  of  indigenous  basic 
nodules  of  segregations  and  of  **schlieren"  in  the  different  rock  bodies, 
including  both  dikes  and  stocVs.  The  abnormal  abundance  of  the 
segregations  is  probably  to  be  connected  with  the  smallness  of  the 
conduit  through  which  each  irruption  took  place.  Variations  of  tem- 
perature, abundance  of  foreign  fragments,  and  the  repetition  of  intru- 
sion in  the  same  conduit  have  all  played  their  part  in  disturbing  the 
normal  process  of  crystallization. 

Considering  the  small  area  occupied  by  the  Ascutney  intrusives, 
they  must  be  considered  as  having  an  unusually  wide  range  of  com- 
position (see  list  on  p.  36).  While  dioritic  types  fail  in  the  allied 
petrographical  province  of  the  Christiania  region  and  nordmarkites 
and  related  alkaline  rocks  are  absent  in  the  Monzoni  region,  both  of 
these  classes  are  represented  at  Ascutney.  The  intimate  association 
of  independent  bodies  of  such  nonalkaline  rocks  as  the  gabbros  and 
diorites  of  the  oldest  stock  and  of  the  older  basic  dikes,  with  the 
several  bodies  of  typical  alkaline  syenites  and  granite,  is  to  be  par- 
ticularly emphasized.  That  such  an  association  is  not  rare,  in  America 
at  least,  is  shown  by  its  repeated  occurrence  in  New  York  State'*  and 
in  £ssex  County,  Mass.^  Not  the  least  significant  fact  concerning  the 
Ascutney  eruptive  group  is  the  occurrence  of  rock  types  transitional 
between  the  nonalkaline  and  alkaline  irruptives.  Thus  there  is  not 
only  the  most  striking  consanguinity  among  the  respective  members 
of  each  of  these  classes,  but  the  two  classes  are  themselves  allied  by  a 
family  relationship  which  is  reflected  also  in  many  details  of  miner- 
alogical  and  chemical  composition. 

Among  the  details  described  in  connection  with  the  irruptives,  we 
may  recall  some  which,  while  of  greater  or  less  importance  to  the  gen- 
eral geology  or  mineralogy  of  the  area,  are  not  implied  in  the  forego- 
ing resume  of  the  intrusions.  These  include  the  evidence  for  the 
cylindrical  character  of  the  main  controlling  stock  of  Mount  Ascutney 
itself,  the  remarkable  tarnishing  which  slight  exposure  i)roduces  in 
the  nordmarkite  of  the  Windsor  quarry  and  in  the  related  paisanite 
of  Little  Ascutney,  the  great  masses  of  breccia  in  the  nordmarkite 
porphyry  and  paisanite  dikes,  and  the  interesting  endomorphic  phases, 
especially  of  the  biotite-granite.  Finally,  the  considerations  relative 
to  the  mode  in  which  the  conduit  has  become  occupied  by  the  differiMit 
intrusives  will  be  summarized  in  the  following  chapter. 

aCushing,  Bull.  Geol.  Soc.  Am  .Vol  X,  1899.  p  177.    Smyth,  Ibid  .  Vol.  VI,  1895  p  JJ63     Eakle, 
Am.  Geol,  Vol.  XII,  1803,  p.  35 
frWaahinirton,  Jour.  Gheol.,  Vol.  VI,  lHft8  p  T9i) 


CHAPTER  V. 

THEORETICAL   CONCLUSIONS. 
MANTNER  OF  INTRUSION  OF  THE  STOCKS. 

Probably  the  most  important  question  in  connection  with  the  dy- 
namical geology  of  the  mountain  centers  about  the  actual  method  of 
injection  followed  by  each  of  the  five  largest  eruptive  bodies. 

Hitherto  it  has  been  assumed  that  the  Ascutney  rocks  belong  to  the 
category  of  genuine  intrusives  and  that,  for  example,  we  have  not 
here  to  do  with  a  deeply  eroded  volcanic  neck  or  pipe.  This  view 
will  be  still  held  in  the  further  discussion  of  the  rock  bodies.  The 
evidence,  however,  that  the  granitic  rocks  now  exposed  do  not,  after 
all,  represent  the  deep-seated  equivalents  of  magmas  which,  in  the 
eruptive  periods,  escaped  at  the  earth's  surface  as  lava  flows,  is  largely 
but  negative.  To  exclude  this  volcanic  hypothesis  it  is  clearly  not 
sufficient  that  the  igneous  bodies  have  all  the  characteristics  of  a  plu- 
tonic  origin  and  that  there  is  in  the  vicinity,  at  present,  lack  of  explo- 
sion breccias  or  lavas  in  any  form.  The  complete  removal  of  such 
products  is  only  a  question  of  the  time  allowed  and  the  depth  of 
denudation  since  the  early  period  of  the  eruptions.  Nor,  again,  and 
just  as  surely,  is  the  general  lack  of  flow  structure  showing  a  rela- 
tively rapid  upward  movement  of  the  magma  of  distinct  help  in  decid- 
ing the  alternative. 

The  peculiar  arrangement  and  form  of  the  stocks,  especially  the 
lobate  plan  of  the  granite,  seem  to  give  greater  satisfaction  in  the  plu- 
tonic  hypothesis.  But  a  much  stronger  reason,  affording  cumulative 
evidence  for  its  adoption,  is  doubtless  to  be  found  in  the  analogy  of 
Ascutney  Mountain  with  a  score  of  other  granitic  areas  in  Vermont 
alone.  There  appears  to  be  no  evidence  at  all  for  the  volcanic  nature 
of  these  igneous  bodies.  Although  the  geological  conditions  are  often, 
particularly  in  the  smaller  areas,  very  similar  to  those  at  Ascutney, 
extrusive  rocks  seem  never  to  be  organically  associated  with  a  single 
gi*anitic  mass.  So  far  as  known,  there  is  no  more  reason  to  attribute 
a  volcanic  origin  to  any  one  of  these  smaller  granitic  bodies  in  Ver- 
mont than  to  the  othoi*s;  nor,  indeed,  than  to  the  great  massifs  typi- 
fied by  the  Harre  granite.  Tlio  transition  in  size  from  the  smallest  to 
the  largest  area  is  gradual,  and  more  size  and  shape  will  not  suffice  as 
a  criterion  of  volcanic  origin  for  any  one.  It  is,  perhaps,  not  too  much 
to  say  that,  if  the  Ascutney  ])odies  occup}'  the  vent  of  an  ancient 
greatly  eroded  volcanic  neck,  the  liarrc  granite*  itself,  conti*ary  to  the 
90 
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received  opinion  of  geologists,  may  be  regarded  as  possibly  of  the 
same  origin.  In  other  words,  it  is  reasonable  to  believe  that  the  vol- 
canic hypothesis  for  Ascutney  Mountjiin  has  no  stronger  foundation 
in  fact  than  it  has  for  normal  gi'anitic  areas  the  world  over.  In  this 
view,  the  igneous  rocks  of  Ascutney  are  all  irruptive  and  each  irrup- 
tive  body  assumed  its  present  position  and  full  volume  only  after 
some  process  had  prepared  the  corresponding  space  within  the  coun- 
try rock^.  The  problem  before  us  relates  to  the  manner  in  which  that 
preparation  was  carried  out. 

APPLICATION    OF    EXISTING   THEORIES    TO    THE   ASCUTNEY 

INTRUSIONS. 

It  is  held  by  some  of  our  ablest  masters  in  petrological  science — 
perhaps  by  most  of  them — that  stocks,  sills,  laccoliths,  and  dikes  are, 
from  the  i)oint  of  view  of  dynamical  geology,  of  the  same  nature — i.  e., 
that  they  vary  only  in  size  and  form.  Each  is  composed  of  a  con- 
solidated rock  magma  which  has  been  injected  into  the  countrj'  rock 
because  of  a  previous  or  accompanying  opening  of  cavities  within  the 
earth's  crust.  Displacements  of  folded  and  faulted  rocks  in  mountain 
massifs  are  made  responsible  for  the  cavities  or  chambers.  The  lat- 
ter maybe  supi)Osed  to  antedate  the  eruption  (plainly  an  inadmissible 
premise  for  the  larger  eruptive  bodies)  or  to  have  been  magmatically 
filled  pari  passu  with  the  dislocation.  In  either  case  the  adherents 
of  this  theory  believe  that  no  important  assimilation  of  the  country 
rock  by  the  invading  magma  takes  i^lace,  and  that,  therefore,  the 
comi>osition  of  the  magma  is  not  affected  by  such  assimilation. 

It  is  clear  from  the  foregoing  discussion  of  the  Ascutney  intrusives, 
as  well  as  from  the  inspection  of  the  map  (PI.  VII),  that  none  of  the 
larger  ones  is  laccolithic  in  character.  The  syenite-porphyry  of  Little 
Ascutney  has  apparently  followed  a  zone  of  weakness,  the  contact  of 
the  gneiss  and  Basic  stock.  Though  for  this  reason  dike-like  in  its 
geological  relations,  it  has  so  far  enlarged  its  conduit  as  to  assume 
the  proi)ortions  of  a  stock.  The  other  four  bodies  are  true  stocks. 
Each  eruptive  cuts  across  the  schists,  so  that  the  igneous  contact  gen- 
erally stands  at  a  high  angle  to  the  strike  of  the  schists.  Only  at  the 
eastern  end  of  the  mountain  are  the  two  parallel,  and  it  has  already 
been  noted  that  the  surface  of  contact  of  the  Main  syenite  stands 
nearly  vertical,  and  is  thus  not  coincident  with  the  dip  plane  of  the 
schists  there  any  more  than  on  the  other  slopes  of  the  mountain. 
The  facts  show  that  a  laccolithic  origin  can  not  be  hj-pothecated  for 
the  Main  syenite,  much  less  for  the  granite. 

The  east-west  elongation  of  the  igneous  area  as  a  whole  might  sug- 
gest that  the  intrusions  occupy  a  zone  of  dip  faulting  iu  the  schists. 
But  the  transitional  contact  belt  of  the  phyllitic  and  gneissic  series  is 
easily  recognized  on  both  the  north  and  the  south  side  of  the  moun- 

aThe  term  "country  rock"  is  iwed  in  this  report  a«  a  convenient  expression  denoting  the  ter- 
rane  invaded  by  and  thus  in  contai^t  with  an  irruptive  body. 
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tain,  and  it  is  quite  as  easily  seen  in  the  field  that  the  belt  has  not 
been  appreciably  offset  by  a  fault  transverse  to  the  strike.  It  is  like- 
wise in  the  highest  degree  improbable  that  displacements  parallel  to 
the  strike  of  the  schists  can  be  safely  called  upon  to  explain  the  spaces 
now  filled  with  the  solidified  magmas. 

The  facts  derived  from  field  study  also  speak  strongly  against  the 
idea  that  all  or  any  of  these  intrusions  took  place  in  consequence  of 
the  removal  of  the  country  rock  en  bloc  by  faulting.  It  might  be 
conceived  that  faulting  could  have  led  to  the  transfer  of  the  displaced 
schists  upward,  as  if  punched  out  by  a  huge  die,"  or  to  the  founder- 
ing of  the  corresponding  blocks,  which  would  thus  become  buried 
deeply  by  the  magma  entering  the  resulting  chamber.  If  such  circling 
faults  had  occurred  we  should  expect  some  evidence  of  them  tio  be  yet 
decipherable  in  the  country  rocks.  Yet  the  latter  show  no  sign  of 
disturbance  that  can  be  traced  to  those  particular  movements.  Even 
if  the  intrusion  had  taken  place  after  this  manner  in  one  instance,  it 
is  in  the  highest  degree  improbable  that  so  unusual  a  dynamic  proc- 
ess should  have  been  repeated  three  times  in  this  limited  area.  The 
gi'ound  plan  of  the  different  stocks  as  expressed  in  the  geological  map 
can  scarcely  bo  explained  on  the  hypothesis*  of  circling  faults.  We 
must  rather  conclude,  from  a  survey  of  the  ground,  that  each  of  the 
stock  bodies  has  actively  displaced  its  country  rock  so  as  to  find  room 
for  itself.  The  Basic  stock  has  displaced  the  gneisses;  the  nordmark- 
ite  stock  has  displaced  diorites  and  schists;  the  stock  of  Pierson 
Peak  has  displaced  gabbros  and  diorites;  the  nordmarkite-porjjhyry 
of  Little  Aseutney  has  displaced  gneisses  and  diorites,  and  the  gran- 
ite has  displaced  the  syenite  and  a  small  amount  of  the  phyllites. 

A  second  commonly  held  view  of  many  stocks  and  of  many  **  batho- 
liths"  is  that  they  have  undergone  their  "  mise  en  place"  as  a  result 
chiefly  of  tlie  caustic  and  assimilating  i)roperty  of  the  igneous  magma 
in  contact  with  the  country  rock.  Thus,  while  Brogger  regards  the 
Predazzo-Moiizoni  area  as  illustrating  in  a  thoroughgoing  manner  the 
process  of  difl;tM*entiation  in  deep-seatcMl  chambers  prepared  by  crustal 
movements,  Fouqiie  finds  in  the  same  province  an  almost  typical 
example  of  assimilation.  It  is  here,  as  elsewhere,  a  question  of  the 
degree  to  which  the  process  pi'oduces  its  effect,  as  every  field  geologist 
is  bound  to  credit  the  assimilation  of  small  foreign  fragments  caught 
in  a  molten  magma  and,  as  well,  the  local  and  subordinate  digestion  of 
the  walls  at  eertain  of  the  eruptive  contacts  already  descril)ed  in  geo- 
logic literature. 

Stated  in  its  usual  form,  the  assimilation  hypothesis  also  will  hardly 
fit  the  facts  recorded  for  tlu*  AsciitiK^y  erupt  ives.  The  oldest  stock  is 
<iuit(^  basic,  though  it  cuts  a  scries  of  aeid  gneisses.  The  Main  syenite 
shows  no  basifleat  ion  at  its  contact  with  the  diorites.  Its  endomorphic 
contact  phase  is,  on  the  contrary,  ther(%  as  elsewhere,  more  strongly 
quart zose  and  has  often  (*ven   a  snialler  proi)ortion  of  bisilicatc  than 


"RociiUhis'  tho  "bysmalith"  of  M(lill^'s,  Men.  V.  S.  (}r<»l.  Survey,  Vol.  XXXII.  Pt.  II,  WlO.p.lG. 
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the  average  syenite.  The  biotite-granite  has,  it  is  true,  a  hornblende 
among  the  constituents  of  its  basic  segregations;  but  the  endomorphic 
zone,  where  the  granite  comes  in  contact  with  the  older  syenite,  does 
not  exhibit  any  special  sj^mpathy  with  that  rock.  Still  more  impor- 
tant is  the  complete  lack  of  basification  in  the  pulaskite  of  Pierson 
Peak  which  cuts  the  diorite  and  associated  gabbro.  That  stock  is  of 
small  dimensions.  It  is  alkaline,  and  hence  is  composed  of  material 
which  in  its  magmatic  form  must  have  been  of  specially  caustic  nature. 
The  crystalline  rock  through  which  the  magma  found  its  way  has  a 
markedly  different  composition.  There,  if  anywhere,  we  should,  on 
the  assimilation  hypothesis,  look  for  an  endomorphic  zone  sensibly 
affected  by  the  country  rock.  The  failure  of  such  a  zone  is  as  unques- 
tionable as  in  the  notable  case  of  the  shonkinite  laccolith  of  Square 
Butte,  Montana.^  The  Pierson  Peak  stock  is  made  up  of  a  homogeneous 
syenite  which  is  indistinguishable,  save  for  the  absence  of  free  quartz 
and  the  disappearance  of  much  of  the  essential  bisilicate,  from  an 
abundant  phase  of  the  Main  stock  of  Ascutney  Mountain  proper. 
Both  stocks  are  syngenetic  with  the  stock-like  dike  of  Little  Ascutney. 
The  occurrence  of  all  three  with  essentially  similar  raineralogical  and 
chemical  properties,  but  with  essentially  diverse  country  rocks,  seems 
to  prove  that  they  came  from  a  single  magma  which  persisted  in 
nearly  its  pure  form  even  after  injection  and  notwithstanding  the 
well-known  solvent  power  of  alkaline  magma  on  both  acid  and  iron- 
rich  basic  rocks. 

SUGGESTED  HYPOTHESIS  OF  THE  MANNER  OF  INTRUSION. 

Without  considering  other  and  less  important  views  of  the  mechan- 
ics of  intrusion,  which,  suggestive  as  they  are,  must  yet  be  regarded 
as  insufficiently  supported  by  observations  in  nature,  a  somewhat 
detailed  statement  may  be  made  of  a  third  hypothesis  which  has 
forced  itself  upon  the  writer.  It  not  only  explains  the  facts  as 
far  as  Mount  Ascutney  is  concerned,  but  meets  as  well  all  the  tests 
which  have  yet  been  applied  to  it  from  the  results  of  experimental 
geology,  from  observations  in  other  regions,  and  from  the  theory  of 
igneous  bodies  generally. 

Most  geologists  are  agreed  that  intrusion  on  a  large  scale  is  not  a 
sudden  act,  but  occupies  a  period  of  time  comparable  to  that  required 
.for  complex  folding  in  a  mountain  massif.  This  conclusion  has  been 
reached  by  those  advocating  the  assimilation  theory,  as  well  as  by 
those  holding  the  rival  theory  of  laccolithic  and  allied  erustal  dis- 
placement.* While  the  conclusion  of  any  investigator  as  to  the  time 
required  for  a  magmatic  injection  is  itself  in  part  a  by-product  of  the 
intrusion  theory  ruling  in  his  mind,  it  is  yet  noteworthy  that  the 
present  exponents  of  the  opposed  theories  accord  in  ascribing  great 
duration  to  the  time  required  for  granitic  intrusions  at  least.     It  will, 


aWeed  and  Plnwon,  Bull.  Geol.  Soc.  Am.,  Vol.  VI,  1896,  p.  389. 

t>  W.  C.  BrOwer,  Die  Emptiygesteine  des  Kristianiagebietes,  Vol.  II,  1806,  p.  149. 
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then,  be  no  antecedent  objection  to  the  h>i)othe8is  now  to  be  proposed 
that  it  is  based  on  a  process  of  intef^ration  of  small  effects,  and  that 
the  integration  suffices  for  the  geological  work  in  hand  only  after  the 
lapse  of  a  long  period  between  tlie  beginning  and  end  of  the  process. 

The  starting  point  of  the  hypothesis  is  found  in  the  consideration 
of  the  phenomena  of  the  contact  belt  belonging  to  each  irruptive  body. 
The  present  assimilation  theory  of  Michel  Levy  and  others  demands 
a  study  of  the  same  belt  as  a  test,  rather  than  as  the  basis  of  formu- 
lation. 

At  many  points  in  the  internal  contact  zone  of  any  one  of  the  stocks 
numerous  fragments  of  the  country  rock  may  be  seen  in  the  erup- 
tive (PI.  VI).  These  are  completely  isolated,  immersed  in  the  crys- 
tallized magma,  though  often  they  are  seen  to  have  moved  only  a  few 
feet  or  inches  from  the  parent  rock.  As  found  in  endomorphic  zones 
of  plutonics  generally,  the  fragments  are  further  quite  normal  in 
showing  angular  outlines  and  very  sharp  boundaries  against  the 
eruptive  rock.  There  is  usually,  indeed,  plain  indication  that  these 
fragments  have  suffered  little,  if  any,  chemical  solution  by  the 
magma.  Recent  experiments,  however,  have  established  beyond  per- 
adventure  that,  at  temperatures  but  slightly  above  that  of  complete 
fusion  of  any  silicate  mixture,  every  important  rock-forming  mineral 
may  be  completely  dissolved  in  that  magma.**  The  conclusion  seems 
unavoidable  that,  at  the  moment  when  a  given  foreign  fragment  was 
torn  or  floated  off  from  its  wall  and  thereafter,  the  immersing  magma 
was  relatively  cool,  and  thus  enfeebled  in  its  solvent  power.  That  its 
metamorphosing  power  was  likewise  diminished  is  suggested  by  the 
fact,  borne  out  by  microscopic  study,  that  the  recrystallization  of  the 
fragment  is  generally  no  more  advanced  than  that  of  the  country 
rock  many  feet  from  the  irruptive. 

But  a  still  stronger  proof  of  a  comparativelj'  low  temperature  at  the 
moment  of  isolation  of  any  one  of  the  fragments  is  the  fact  that  it  is 
now  to  be  seen  floating,  as  it  were,  or,  to  be  more  accurate,  suspended, 
in  the  magma.  A  brief  consideration  of  certain  experimental  deter- 
minations shows  that  such  suspension  can  occur  in  a  normal  magma 
invading  rocks  of  average  specific  gravity  only  on  the  condition  that  the 
magma  is  highly  viscous  and  near  the  point  of  consolidation.  It  has 
been  established  that,  tor  each  class  of  holocrystalline  silicate  rocks,  the 
specific  gravity  of  the  corresponding  glass  is  considerably  lower  than 
that  of  the  natural  rock,  and  that  the  specific  gravity  of  the  same  rock 
when  completely  melted  is  still  lower  than  thatof  the  glass.  Noinves- 
tigation  has  been  made  on  these  i)oints  for  any  of  the  Ascutney  rocks, 
but  it  is  fair  to  use  the  results  for  similar  rocks  from  other  parts  of 
the  world. 

The  most  important  case  for  coiisideratioii  is  evidently  the  relation 

"  Amoutf  other  papei-s,  cf.  C  Doclter.  Die  .Si*him'lzbark«Mt  drr  Min«>ralien  uud  ibre  LGslicbkeit 
111  Ma^»m»*n  rs<her.  Mm  u  Potrog  Mitth  .  Vol  XX.  imM,  p  ;I)7;  and  Ceber  eiuige  petrogene- 
tiM  he  Fi-ageu:  Centralbl  r.  Mm.,  Oeol  iind  Pal..  i\H\2.  p  545 
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between  the  si)ecific  gravity  of  the  rocks  in  the  Gneissie  series  and 
that  of  the  diorite-gabbro  magma;  therein  we  must  have  the  closest 
approximation  in  density  between  the  material  of  any  one  stock  and 
its  staple  inclusion.  The  specific  gravity  of  the  chemically  analyzed 
diorite  is  2.930.  Similar  determinations  were  made  for  the  more  basic 
gabbro  phases  collected  at  three  different  parts  of  the  same  stock ;  the 
values  here  ran  from  2.05  to  3.19.  The  average  for  the  gabbro  is  3.08. 
We  may  take  3.10  as  the  approximate  average  specific  gravity  of 
the  more  basic  parts  of  the  oldest  stock. 

The  most  thorough  and  careful  experiment  bearing  on  this  question 
is  that  made  by  Barus  in  the  fusion  of  diabase.^'  He  found  that  a 
sample  of  diabase  at  20°  C.  had  a  specific  gravity  of  3.0178  and  the 
glass  produced  by  the  dry  fusion  of  the  same  rock  had,  at  the  same 
temperature,  a  specific  gravity  of  2.717.  The  density  was  much  less 
in  the  molten  state.  Thus,  at  1,400°  C.  the  specific  gravity  was  only 
2.523,  corresponding  to  an  increase  of  volume  of  about  20  per  cent.  A 
critical  discussion  of  many  fusion  experiments  by  Delesse  and  Cossa 
along  the  same  line  shows  a  close  agreement  in  the  behavior  of  the 
basic  rocks  treated  in  the  older  researches,  as  compared  with  that  of 
the  diabase  of  Barus's  refined  experiment.*  One  phase  of  the  corre- 
spondence is  shown  in  the  following  table ; 


Bock  type. 

1. 

Sp.  gr.  of 
rock  at 

caaooc. 

2. 

Sp.  JfT.  of 

f^lasHat 
caa)«C. 

3. 

Net  de- 
crease in 
density, 
rock  to 
glass. 

Percent. 

10.00 

11.57 

7.07 

9.90 

10.33 

9.16 

4. 

Net  in- 
crease in 
volume, 
rock  to 
glass. 

5. 
Sp.  gr.of 
rock  molten 
at  UKJO"  C, 
calculated 
from  Ba- 
rus's fusion 
curve. 

Diabase  of  Bams 

3. 0178 

2.999 

2.859 

2.667 

2.710 

2.684 

2.717 
2.652 
2.657 
2.403 
2.430 
2.438 

Percent. 
11.2 
13.1 
7.6 
11.1 
11.5 
10.0 

2.523 

Average  gabbro  of  Delesse. . 
Average  diorite  of  Delesse. . 

Qnartz-diorite  of  Cossa 

Syenite  of  Cossa 

2.507 
2.390 
2.229 
2.266 

Average  granite  of  Delesse  . 

2.243 

Averaee  of  above 

9.67 
6.95 

10.7 
7,5 

Gneiss  of  Delesse 

2.821 

2.625 

2.358 

It  is  seen  that  these  various  independent  investigations  establish  a 
tolerably  constant  ratio  for  the  relative  volumes  of  a  holocrystalline, 
plutonic  rock  and  of  the  glass  produced  by  its  fusion.  Of  special 
interest  are  the  small  differences  among  the  results  of  Barus,  Delesse, 
and  Cossa  on  diabase,  gabbro,  and  quartz-diorite.  These  are  i*ocks 
related  to  various  facies  of  the  Basic  stock  at  Ascutney  Mountain. 


aPhilos.  Mag.,  Ser  V,  Vol.  XXXV,  1898,  p.  173;  and  Bull.  U.  S  Geol  Survey  No.  103.  li^W.  Of. 
Joly,  on  fusion  of  basalt,  Trans  Roy.  Dublin  So<r.,  Ser.  II,  Vol  VI,  l«r7,  p  i98 

ft  Delesse,  Bull.  See.  G6ol  Prance,  Ser.  II,  Vol.  IV,  1847,  p.  13»0i  Cosba,  ref.  by  Zirkel,  Lehrbuch 
der  Petrograpbib,  Vol.  1, 1893,  p  t»l 
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The  behavior  of  all  basic  rocks  under  fusion  has,  unfortunately,  not 
been  tested  for  high  temperatures,  but,  for  reasons  well  established  by 
Barus  and  derivable  from  a  survey  of  this  particular  field  of  research, 
it  is  admissible  to  apply  the  fusion-curve  of  Barus  to  any  rock  of 
allied  composition.  On  this  supposition,  at  one  atmosphere  of  pres- 
sure, the  specific  gravity  of  the  Aseutney  gabbro  would  fall  from  3.10 
to  2.59  at  1,400°  C.  and  that  of  the  average  diorit^  from  2.04  to  2.46. 
At  this  temperature  the  rock  would  remain  highly  fluid  even  at  the 
depth  of  5  miles  in  the  earth's  crust.  The  specific  gravity  of  the  nor- 
mal gneisses  occurring  near  the  Basic  stock  ranges  from  about  2.69  to 
about  2.76,  with  a  probable  average  of  2.73. 

To  determine  what  these  would  be  if  fragments  with  the  correspond- 
ing densities  could  be  kept  solid  and  obey  the  law  of  expansion  for 
solid  rock,  at  1,400°  C,  it  is  permissible  to  use  Reade's  expansion  coeffi- 
cient for  granite  without  incurring  serious  errror." 

Barus  has  shown  that  pressure  simply  elevates  the  melting  point  in 
the  normal  type  of  fusion  without  interfering  essentially  with  the 
value  of  the  coefficient  determined  at  ordinary  temperatures  and 
pressures.*  The  average  gneiss  would  have,  as  a  result  of  the  appli- 
cation, a  calculated  specific  gravity  of  2.63.  It  must  be  remembered, 
too,  that  contact  metamorphism  here,  as  generally  elsewhere,  would 
raise  this  value  still  higher,  and  that  any  acidification  of  the  magma 
in  contact  with  the  gneiss  would  lower  the  density  of  the  magma. 
Now,  the  beautiful  experiments  of  Barus  in  the  fusion  of  various  car- 
bon compounds  under  varying  pressures  show  that,  in  thermal  expan- 
sibility and  in  compressibility,  they  behave  in  a  manner  extremely 
similar  to  the  few  silicates  on  which  any  studies  in  fusion  have  been 
made.  He  has  shown  that  naphthalene,  a  substance  obeying,  like 
diabase,  the  normal  law  of  fusion,  is  slightly  more  compressible  as  a 
liquid  than  as  a  solid.'^  The  fusion  curves  indicate  that,  for  the  same 
increase  of  pressure,  liquid  naphthalene  gains  in  specific  gravity  about 
twice  as  fast  as  solid  naphthalene.  The  compressibility  of  a  fused  sili- 
cate rock  is  probably,  then,  approximately  twice  that  of  the  same  rock 
when  solid.  But  his  diabase  curve  demonstrates  that  the  thermal 
expansibility  of  the  liquid  rock  is  1.0  as  rapid  as  that  of  the  solid  rock. 
Thus  a  block  of  cold  solid  gabbro  immersed  in  a  deep-seated  molten 
magma  of  the  same  chemical  eomj)()sitiou  would  be  less  condensed  by 
the  pressure*  than  the  molten  rock,  but  the  effect  on  relative  densities 
would  be  partly  compensated  by  the  relative  rate  of  expansion  due 
to  any  superheating  of  the  magma.  A  block  of  gneiss  would  behave 
in  a  manner  closely  similar  to  that  of  a  block  of  gabbro.  It  is  believed 
that  the  pressure  of  sov(»ral  thousand  atmospheres  would  not  affect 
seriously  tin*  contrast  in  densities  which  cx[)eriment  would  lead  us  to 
expect  if  a  fragment  of  the  Aseutney  gneiss  were  completely  immersed 
in  tli(*  fused  gabbro  at   plutouic  [)n»ssures.     If  this  be  true,  only  one 


'« Orii?in  of  Mountain  Raii^jo*^,  London.  \m\.  p.  1 10.      /•  Philo8.  Mag  ,  Vol.  XXXV,  18W,  p.  306. 
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conclusion  can  be  drawn.  Since  uniform  pi*essure  affected  both 
gneissic  fragment  and  magma  when  the  former  was  parted  from 
the  parent  countr}'^  rock,  the  difference  of  densit}^  of  the  two  would 
prevent  the  suspension  of  the  fragment  as  a  mere  matter  of  flotation. 
Further,  the  fragments,  like  the  basic  segregations,  could  remain  in 
the  positions  in  which  they  may  now  be  seen  only  if  the  magma 
possessed  a  high  viscosity  at  the  time  when  they  were  rifted  off. 

If  we  are  forced  to  this  view  of  the  conditions  in  the  Basic  stock, 
still  more  surely  may  we  have  confidence  in  it  as  explaining  the 
presence  of  even  more  numerous  schist  fragments  in  the  syenitic  and 
granitic  stocks.  The  following  table  shows  that,  even  in  the  holo- 
crystalline  state,  each  irruptivo  rock  has  a  specific  gravity  lower  than 
its  country  rocks.  It  indicates  further  that  the  inequality  increases 
in  the  same  sense  the  greater  the  degree  of  exomorphic  change  in  the 
invaded  schist. 


Eruptive  rock. 

Specific  gravity. 

Corresponding  country  rock». 

Approximate 
specific 
gravity. 

Normal  sericitic  schist 

2.70 

Ma-iri  «tncfe 

f2. 616 -3. 683 
laverage,  2. 65 

Average  of  three  specimens 
from  phyllite  of  contact 
zone. 

2.84 

Average  of  Basic  stock 

3.05 

Nordmarkite-porphyry 

\             2. 633 

r  Average  of  Basic  stock 

I  Average  of  gneisses  _ 

3.05 

of  Little  Ascutney. 

2.73 

Polaskite,  Pierson  Peak . 

about  2. 63 

Average  of  Basic  stock 

3.05 

rNormal  sericitic  schist 

2.68 

Granite  stock 

2.616 

Average  of  homfels  from 
phyllitic  contact. 

2.84 

• 

Average  of  Main  syenite . . . 

2.65 

Delesse  found  that,  in  melting  down  granite  to  a  glass,  the  specific 
gravity  was  lowered  about  10  per  cent  on  the  average.*  Accepting 
his  figure,  the  biotite-granite  of  Ascutney  would  afford  a  glass  with  a 
specific  gravity  of  about  2.35.*  A  block  containing  1,000  cubic  feet  of 
the  porphyritic  phase  of  the  Main  syenite  would  tend  to  sink  in  a  magma 
of  the  latter  specific  gravity  by  virtue  of  a  downward  pull  equal  to 
the  weight  of  at  least  5.3  tons  of  rock  in  the  air,  and  evidently,  from 
Barus's  results,  still  faster  in  the  thinly  fluid  granite  itself.  It  is  in 
the  highest  degree  probable  that  this  difference  of  density  would  not 
be  significantly  altered  by  the  great  pressures  reigning  at  the  moment 
when  such  a  block  would  become  detached  from  the  wall  of  the  granite 
body.     Nothing  less,  then,  than   a  very  unyielding,  highly  viscous 


oAnnales  des  Mines,  Ser.  XL  Vol.  IV.  1847.  p.  13M). 
bCt  granite,  specific  gravity  2.(53;  obsidian,  2.3  to  2.4. 
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condition  of  any  one  of  the  Ascutney  magmas  can  account  for  the 
presence  of  the  foreign  blocks  in  the  immediate  vicinity  of  their 
homes  in  the  invaded  formations.  The  viscosity  probably  approached 
that  of  the  Archean  granitic  magmas,  which,  according  -to  Lawson, 
were  capable,  under  enormous  dynamic  stresses,  of  shearing  and  atten- 
uating foreign  blocks  suspended  in  those  magmas  near  the  moment  of 
consolidation  of  the  latter.  Lawson  has  also  suggested  that,  although 
the  viscosity  was  so  great,  the  temperatures  may  have  been  high 
enough  to  melt  up  the  more  basic  foreign  fragments  completely.*' 
Whether  solid  or  molten  when  sheared  or  pulled  out,  such  blocks 
could  not  sink  in  the  magma,  because  of  its  thick,  pasty  condition. 

At  Ascutney  Mountain,  as  elsewhere,'\the  magmas  that  formed  the 
stocks  were  capable  of  forcing  their  way  through  fissures  a  few  inches 
or  but  a  fraction  of  an  inch  in  width,  for  distances  of  hundreds  of  feet 
or  yards  from  the  respective  main  eruptive  massT^  These  are  clearly 
offshoots  from  the  stocks,  though  the  junction  with  the  latter  may 
not  be  seen  in  many  instances.  _Each  magma  must  have  been  very 
fluid  when  it  filled  its  own  set  of  these  narrow  fissures.^  That  con- 
clusion accords  with  the  results  of  the  recent  careful  experiments  of 
Doelter.*^  He  has  shown  that  there  are  but  comparatively  small  differ- 
ences among  the  temperatures  at  which  a  granitic  rock  or  an  artificial 
mixture  of  silicates  is  softened  bj^  heat,  becomes  thinly  molten,  or 
solidifies  from  that  molten  condition.  Thus  he  found  that  a  foyaitic 
mixture  (of  orthoclase,  elseolite,  and  jegirine)  became  soft  at  1,070°  C, 
thinly  fluid  at  1,110-1,115°,  and  then  solidifled  at  980-1,000°  C.  The 
corresponding  figures  for  a  basaltic  mixture  (of  labradorite,  augite, 
olivine,  and  magnetite)  are  1,120-1,125°,  1,140-1,150°,  and  980-1,000°  C. 
Predazzo  granite  and  Remagen  basalt  became  softened  at  respective 
temperatures  of  1,150°  and  992°  C. ;  completely  molten  at,  respectivel}^ 
1,2-10°  and  1,000°  C.  But  a  slight  restoration  of  heat,  therefore,  would 
be  necessary  to  reconvert  a  cooled  and  toughly  viscous  endomorphic 
zone,  yet  hot  enough  to  quarry  blocks  from  the  invaded  formation, 
into  a  highly  mobile  state.  It  can  not  be  denied  that  there  must 
occur  a  loss  of  at  least  that  small  amount  of  heat  in  the  closing  stage 
of  stock  intrusion.  The  magnitude  of  plutonic  pressures  puts  no 
difticulty  in  the  way  of  accepting  this  conclusion  as  to  high  fluidit3\ 
Oetling  has  proved,  on  the  contrary,  that  the  temperature  point  of 
consolidation  of  melted  rocks  and  silicate  mixtures  is  lowered  by 
l^ressure.  lie,  in  fact,  shares  the  view  of  Amagat,  that,  if  the  pressure 
be  sufliciently  high,  solidification  can  not  occur  at  all.^     Moi-eover,  it 

—  —     - —       -         ■         ■    —  -  -   —  —  "- 

«Geol.  Rainy  Lnko  Rej<ion,  Ann.  Rept.  Geol.  and  Nat.  Hist.  Survey  Canada,  1887,  Part  F,  pp. 

i:n-2-:^-8,  Qtv. 

''Th«T(MH  no  <'()ntradiction  lH)tw(»en  this  atat4>ment  and  the  previous  one  of  high  viscosity  in 
the  main  maicnia  which  isolated  and  Husix»nded  foreign  bl<K*ks.  As  implied  in  a  following  i>ara- 
graph,  it  would  »imi)ly  mean  that  the  aiw>physal  tongues  were  injects  before  the  magma  had 
come  in  c«)ntart  with  the  present  walls  of  it.s  main  chamber. 
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is  cominjf  to  bo  generally  accepted  that  pressure  induces  mobility  in 
plutonic  magmas  by  retaining  water  and  mineralizers/* 

In  summary,  then:  Field  observation  and  experiment  agree  in  at- 
tributing a  thinly  fluid  condition,  except  at  the  moment  of  final  crys- 
tallization, to  such  magmas  as  those  from  which  the  Ascutney  stocks 
were  derived.* 

)High  fluidity  must  have  two  important  results:  First,  it  would 
facilitate  the  formation  of  apophysal  tongues,  often  intersecting; 
secondly,  it  would  entail  a  downward  strain  on  any  disjointed  blocks 
in  the  roof  contact  of  the  stock  body.  Following  joints,  planes  of 
stratification,  schistosity,  or  slipping,  tlie  apophyses  must  seriously 
impair  the  strength  of  the  roof  and  walls.]  The  same  planes  of  weak- 
ness, even  without  the  aid  of  the  imiptive  wedge,  already  form  a 
menace  to  the  integrity  of  the  walls  and  roof,  especially  the  latter; 
this  on  account  of  the  gravity  component  already  demonstrated  as  a 
result  of  a  difference  of  density  between  the  solid  rock  and  the 
magma  beneath.  ^  Moreover,  a  shatt^^ring  of  the  country  rock  may  be 
expected  by  reason  of  the  differential  temperature  strains  induced  by 
the  magma. 

.^AVhen^f  rom  these  causes^^a  block  becomes  dislodged  and  completely 
immersed  in  magma,  it  must  sink,  and  sink  rapidl3\^  The  space 
formerly  occupied  by  the  block  is  now  filled  ^ith  magma.  In  the 
same  manner  an  indefinite  number  of  blocks  may  be  removed  by  this 
natural  stoping.  ]  New  surfaces  will  continually  be  presented  to  the 
invading  magma,  and  so  long  as  the  stated  conditions  persist  there  will 
be  greater  and  greater  destruction  of  the  country  rock.  It  is  simply  a 
question  of  time  whether  the  advance  of  the  magma  shall  be  so  great 
as  to  fashion  the  chamber  of  an  Ascutney  stock  or  of  a  great  batholith. 
A  brief  statement  of  this  central  idea  of  the  stoping  hypothesis 
has  been  given  by  Lawson  in  a  review  of  certain  of  Brogger's  writ- 
ings. So  far  as  known  to  the  present  writer  this  noteworthy  para- 
graph contains  the  only  clear  enunciation  of  the  doctrine  to  be  found 
in  geological  literature,  and  is  worthy  of  quotation  in  full: 

The  essential  features  of  the  assimilation  hypothesis  were  formulated  by  the 
reviewers  some  years  ago.  before  the  publication  of  Michel  Levy's  views,  and 
urged  as  a  satisfactory  explanation  of  the  remarkable  relations  which  obtain 
between  the  Laurentian  granites  and  gneisses  and  the  upper  Archean  or  Ontarian 
metamorphic  rocks.  These  intrusive  granites  and  gneisses  occupy  vast  tracts  of 
the  Canadian  Archean  plateau,  and  there  seems  to  be  no  escape  from  the  view 
that  they  bear  a  batholitic  relation  to  the  crust  which  they  invaded  from  below. 
Portions  of  the  crust  were  absorbed,  but  there  are  two  possibilities  as  to  the 
method  of  absorption,  viz:  1,  by  fusion;  2,  by  sinking  into  the  ma^ma.  The 
numerous  blocks  of  rock  scattered  through  the  granites  lend  much  probability 


"Doelter,  Tscher.  Min.  u.  Petrog.  Mitth.,  Vol.  XXI,  19IK,  p.  218. 

''See  the  general  »tatvmont  by  Brr)gjcor,  Die  Eruptivgefiteine  di»M  Krl8tianiag«»biete»,  Vol.  Ill, 
p.  338. 

<"  Johnston-Lav  is  has  Hoim  a  piece  of  compact  lava  Hink  quickly  in  a  flowing  lava  Htream  from 
Vesuvius.    Proc.  Quart.  Jour.  Oeol.  Soc.,  Vol  XXXVIII,  18l«,  p.  »40. 


\ 


100  GEOLOGY    OF    ASCUTNEY    MOUNTAIN,   VERMONT.         Ibuix.209. 

to  the  latter  having  played  a  part  in  the  process.    Snch  batholites  were  doubtless 
acconii)anied  by  laccolitic  satellites. « 

The  hypothesis  of  natural  overhead  "stoping"  accords  with  the 
facts  known  with  regard  to  other  kinds  of  igneous  intrusion.  Even 
in  the  case  of  those  great  granitic  massifs  organically  associated  with 
master  lines  or  zones  of  dislocation  (e.  g.,  the  tonalite  and  the  **Judi- 
carienlinie"  of  the  Tyrol),  the  magma  chamber  may  have  been  largely 
opened  by  overhead  stoping.  The  same  process  may  similarly 
greatly  enlarge  the  deep-seated  cross  section  of  a  volcanic  neck. 
Yet  no  one  can  deny  its  practical  insignificance  in  the  intrusion  of 
sheets  or  dikes,  nor,  for  obvious  reasons,  does  that  fact  injure  the 
strength  of  the  proposed  hypothesis  when  dealing  with  vastly  larger 
igneous  bodies. '  The  latter  must  be  much  longer  molten  by  reason  of 
their  size,  and  have  more  direct  communication,  through  convection 
and  other  currents,  with  the  earth's  interior.  The  same  remark  ap- 
plies in  general  to  laccoliths,  although  it  is  possible  that,  in  limited 
degree,  laecolithic  magmas  ma}'^  carry  on  independent  stoping,  and 
therewith  assimilation,  in  their  hot  interiors. 

The  hypothesis,  it  will  be  observed,  is  allied  in  one  respect  to 
the  assimilation  theory  of  Kjerulf ,  Michel  L6vy,  Lacroix,  and  others. 
According  to  each  of  the  two  views,  the  plutonic  chamber  occupied 
by  stock  or  batholith  has  been  formed  by  the  activity  of  the  magma 
itself  along  the  internal  contact.  But,  in  the  older  theory,  the  assimi- 
lation at  the  contact  is  essentially  caustic  and  chemical;  in  the  newer 
view  the  assimilation  there  is  essentially  mechanical.  The  former 
attempts  to  explain  in  one  step  the  opening  of  the  space  now  filled 
with  eruptive  material  and  the  disappearance  of  the  corresponding 
mass  of  country  rock;  the  latter  has  still  to  give  account  of  the  multi- 
tude of  larger  or  smaller  blocks  sunken  in  the  magma.  What  becomes 
of  them?     How  far  will  they  sink?     What  is  their  fate  when  they 

come  to  rest? 

ABYSSALi  ASSIMIIjATIOlsr. 

It  is  at  once  evident  that  such  questions  are  most  difficult  to  answer 
in  detail;  perhaps  the  second  is  always  destined  to  remain  unanswered. 
It  is  evident,  too,  that  we  are  now  many  i-emoves  nearer  the  realm  of 
speculation  than  in  any  previous  explanatory  step.  Yet  it  can  not 
l>e  considered  a  fatal  objection  to  any  theory  of  intrusion  that  it  must 
refer  ultimately  to  the  unexplored  interior  of  the  earth.  The  attempts 
to  solve  the  plutonic  i)rol)lem  with  attention  rigidly  kept  on  the  acces- 
sil)le  part  of  the  earth's  crust  must  have  but  partial  success.  If 
experiment,  analogy,  and  the  considerations  of  cosmical  physics  c^n 
aid  in  explanation,  they  should  be  omph>yed.  The  field  geologist  has 
only  the  earth's  outer  skin  to  study;  yet  granite,  with  all  its  relatives, 
is  a  product  of  ])hysiolo.ii:ical  procc^sses  oeeurrinj^:,  as  it  were,  in  the 
vital  or«Jcans  of  the  earth. 

The  cardinal  fact  of  fluidity  in  plutonic  magmas  needs  to  b<^  viewed 
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in  relation  to  the  equally  certain  fact  of  the  earth's  rigidity  and  to 
the  necessity  of  finding  some  mechanical  explanation  for  the  support 
of  the  roof  over  the  igneous  body  during  intrusion.  A  complete  dis- 
cussion of  the  former  tojiic  would  carry  us  farther  afield  than  the 
scope  of  the  present  report  warrants.  Suffice  it  here  to  note  that  the 
same  problem  confronts  every  modern  theory  of  intrusion. 

In  the  case  of  the  Ascutney  stocks  it  is  believed  that  the  strength 
of  the  roof  over  each  irruptive  mass  was  doubtless  sufficient  to  pre- 
vent its  foundering  en  masse  in  the  less  dense  magma.  Other  and 
larger  stocks  and  batholiths  must  be  studied  in  this  regard  each  by 
itself.  As  the  underpinning  of  the  schist  cover  of  the  Ascutney 
igneous  area  as  a  whole  was  demonstrably  aided  by  a  progressive  con- 
solidation of  the  partial  magmas,  so  it  is  conceivable  that  there  may 
be  a  lateral  progression  of  solidification  in  the  homogeneous  magma 
of  a  much  larger  body  with  a  corresponding  strengthening  of  its  roof. 
In  all  such  intrusions  there  will  also  be  the  continued  presence  of 
country-rock  buttresses  still  remaining  unassimilated. 

Whether  a  stoped-out  block  sinks  in  the  magma  but  thousands  of 
feet  or  miles  from  its  former  position  in  roof  or  wall,  that  block  must 
undergo  an  increase  of  pressure,  and,  with  the  greatest  probability, 
an  increase  of  temperature.^ 

The  added  pressure  would  have,  according  to  the  exx)eriments  and 
field  studies  of  Barus,  Doelter,  Daubr^e,  Fouque,  Michel  L6vy,  and 
others,  the  secondary  effect  of  increasing  in  the  magma  the  capacity 
of  retaining  water  and  other  solvents,  even  at  very  high  temperatures.* 
So  important  are  other  experiments  in  this  connection  that  a  brief 
resume  of  certain  results  accruing  from  them  must  be  given. 

The  solubility  of  rock-forming  minerals  in  silicate  magmas  has  been 
shown  by  fusion  experiments  to  depend  on  (a)  'the  temperature  of 
the  magma;  (h)  the  chemical  composition  and  fluidity  of  the  magma; 
(c)  the  fusibility  of  the  minerals,  and  (d)  on  pressure.  Doelter  has 
been  able  to  prove  that,  under  one  atmosphere  of  pressure,  all  the  com- 
mon types  of  rock-forming  minerals  are  completely  soluble  in  certain 
representative  magmas  at  temperatures  only  slightly  above  those  of 
the  respective  consolidation  points  of  the  latter.  These  magmas  were 
made  from  granite,  obsidian,  common  basalt,  limburgite,  phonolite, 
foyaite,  leucite-basalt,  leucitite,  hornblende-andesite,  and  nepheline- 
basalt — a  magmatic  range  so  wide  as  to  demonstrate  the  practical 
cei-tainty  that  all  silicate  magmas  have  similar  solvent  properties. 
He  further  shows  that  the  melting  point  of  a  silicate  rock  occurs  at 
about  the  average  temperature  of  fusibility  of  its  constituent  min- 
erals. Long  before,  Bischof  easily  dissolved  clay-slate  in  fluid  lava, 
using  a  bellows   furnace  for  fusion.^    These  important  deductions 


a  Perhaps  the  block  would  sink  to  the  zone  of  pressare-solid  masrmA- 

<>Ainonfir  the  more  recent  pajMrs,  cf.  C.  Barus,  Am.  Jour.  Sci.,  Vol.  XXXVIII,  1889,  p.  406,  and 
Vol.  XLI,  1881,  p.  110;  C.  Doelter,  Oentralbl.  f.  Min.,  etc.,  l90St,  p.  550,  and  Tscher.  Min.  u.  Petroff. 
Mitth.,  Vol.  XXI,  IWB,  p.  218. 

c  Chem.  u.  Phys.  G^eol.,  Supplement,  1871,  p.  96. 
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from  laboratory  investigations  correspond  to  the  facts  of  outdoor 
nature.  Well-known  practical  examples  may  be  found  in  the  fused 
and  greatly  corroded  granite  inclusions  in  the  basalts  of  the  Auvergne, 
and  again  in  the  complete  disappearance  by  fusion  of  the  "floating 
islands"  in  the  caldera  of  Kilauea.'*  The  high  fluidity  of  the  normal 
plutonic  magma  would  likewise  facilitate  the  complete  solution  of 
foreign  fragments,  as  experimentally  proved  by  Doelter. 

It  is  true  that  the  direct  influence  of  pressure  is  directed  toward 
elevating  the  melting  points  of  silicate  mixtures,  though  probably 
not  in  a  degree  proportional  to  the  amount  of  the  pressure.*  Yet 
that  effect  on  the  solvent  power  of  the  magma  may  be  much  more 
than  counterbalanced  by  the  indirect  effect  of  pressure  in  retaining 
water  and  other  solvents.  Once  molten,  pressure  tends  to  keep  sili- 
cate magmas  molten,  since  it  lowers  the  temperature  point  of  consoli- 
dation.**  In  determining  the  solvent  power  of  a  plutonic  magma, 
temperature  furnishes  here,  as  in  fixing  the  melting  point,  the  "coarse 
adjustment,"  as  pressure  furnishes  of  itself  the  "fine  adjustment." 

In  conclusion,  then,  it  seems  legitimate  to  regard  the  conditions  of 
the  abyssal  portions  of  plutonic  magmas  as  conspiring  toward  the 
perfect  digestion  of  a  submerged  foreign  rock  fragment  during  all  the 
time  of  intrusion  except  during  the  short  period  preceding  final  con- 
solidation. Even  so  uncompromising  an  opponent  of  the  theory  of 
contact  digestion  by  stock  magmas  as  Brogger  admits  that  such 
assimilation  can  be,  in  the  greater  depths,  exceedingly  important, 
* '  ausserordentlich  bedeutend. "  ^' 

Since  it  is  probable  that  magmas  are  more  or  less  completely  satu- 
rated solutions,^  there  would  doubtless  be  a  volumetric  increase  on 
the  fusion  of  each  block  at  whatever  depth  it  attained,  an  increase  com- 
parable to  that  demrtnstrated  in  fusion  exi>eriinents  at  1  atmosphere  of 
pressure.  The  question  at  once  arises  as  to  what  compensation  can 
be  made  for  the  increased  bulk  of  rock  matter  below  the  earth's  sur- 
face incident  to  abyssal  assimilation  on  a  large  scale.  Two  possibil- 
ities suggest  t  liemselves  in  the  face  of  the  hj^drostatic  problem  involved. 
Either  volcanic  outflow  elsewhere  or  secular  upheaval  in  the  region 
would  satisfy  the  conditions.  The  latter  would  seem  to  be  more 
likely  of  fulfillment  in  regard  to  stocks  and  bat  hoi  ithic  intrusions  gen- 
eral I}'.  It  is  to  be  noted  that  nifigmatic  stoping  would  tend  to  weaken 
the  earth's  crust  immediately  ai)ove  the  intruding  body,  and  there 
secular  elevation  of  the  surface  would  be  particularly  looked  for. 
There  may,  in  this  wa}^  be  found  one  cause  of  the  huge  buckles  filled 
with  the  "central  granites"  of  Alpine  mountain  chains.     This  implies 


f^J.  D.  Dana.  Cliara<'tori.stit*s  of  VolcuncK's,  Now  York.  1M*M,  j).  \H\. 
f'Doeltor,  Tschor.  Miii.  u.  IVtm^.  Mitth..  Vol.  XXI.  \mt,  p  :i2\. 

''Ootiing,  op.  <'it..  J),  irro. 

''Dio  Eruptivjfosteiiio  dos  KristianiajJTohiotos,  V<»1    III.  ls'.>s,  p.  '.i'li). 

♦'I.aK'orio,  ThcIkt.  Min.  u.  P««troK.  Mitllj..  V(»l.  VIII,  \X'<,  p.  r><)«.    Cf.  D«'1o.hs«»,  Bull.  S«m-.  (Jfol. 
France,  sor.  ii.  Vol.  IV.  1H47,  p.  VMi. 
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that  the  doming  of  the  great  intrusive  masses  of  the  Christiania 
region,  attributed  by  Hrogger  to  laccolithic  injection,  may,  in  reality, 
be  due  to  this  cnistal  weakening  and  buckling  by  magmas  working 
np  from  the  "ewige  Teufe,"  but  at  present  it  must  remain  only 
the  suggestion  of  a  possibility,  as  the  writer  has  no  personal  knowledge 
of  the  region. 

It  is,  moreover,  worthy  of  inquiry  whether  this  sort  of  live  energy 
of  intruding  granitic  magma  may  be  responsible  for  many  of  the 
well-known  cases  where  the  secondary  structure  planes  in  the  in- 
vaded formations  wrap  around  their  respective  intrusive  bodies. 
Examples  are  seen  in  the  highly  developed  peripheral  cleavage  and 
schistosity  parallel  to  the  outlines  of  such  magmas  in  the  Rainy  Lake 
region  <»  and  in  the  Black  Hills.*  Such  structures  could  certainly  be 
produced  by  the  force  of  magmatie  expansion,  provided  that  force  be 
sufficient  in  amount,  for  it  must  be  exerted  always  normal  to  the 
chamber  walls. 

If  the  foregoing  reasoning  is  correct,  the  preparation  of  the  chambers 
within  which  the  stock  bodies  of  Ascutney  Mountain  now  rest  was 
carried  out  by  mechanical,  piecemeal  disruption  of  each  invaded  ter- 
rane  by  the  attack  of  the  magma  on  the  main  contacts.  This  physical 
action  was  accompanied  by  chemical  assimilation  at  greater  depths. 
Consequently,  at  those  depths  the  magma  must  Ixicome  more  and  more 
mixed  as  the  result  of  assimilation.  £ach  successive  eruption  from 
the  magma  basin  beneath  may  be  expected  to  show  indications  of  the 
gradual  alteration  of  the  magma  by  the  incorporation  of  foreign  sub- 
stance. This  important  corollary  has  to  do  with  the  great  question  of 
the  origin  of  the  igneous  rocks,  a  subject  which,  in  spite  of  all  its  com- 
plex difficulties,  must  here  be  dwelt  upon  so  far  as  to  show  agreement 
or  disagreement  with  the  hypothesis  just  outlined.  But  a  less  impor- 
tant, although  significant,  test  of  the  hypothesis  may  first  be  noted. 

The  hypothesis  of  rifting  not  only  gives  adequate  reason  for  the  very 
general  sharpness  of  contact  between  an  irruptive  and  its  country 
rock,  but  also  goes  far  to  explain  the  observed  lack  of  enrichment  of 
the  endomorphic  zone  with  the  material  of  the  countrj'  rock.  The 
blocks  would  be  likely  to  suffer  most  from  solution  in  the  magma  after 
they  had  begun  their  rapid  downward  journey.  They  would  yield  up 
their  substance  along  the  whole  path.  There  would  thus  be  a  tendency 
toward  an  equal  distribution  of  the  absorbed  material  throughout  the 
magma.  In  any  case,  there  would  be  far  less  impregnation  of  the 
endomorphic  zone  with  the  substance  of  the  invaded  formation  than 
that  demanded  by  the  supposition  of  the  slow  digestion  of  the  latter 
in  place.  In  so  fluid  a  magma  convection  currents  would  tend  still 
further  to  destroy  any  contrast  of  composition  between  the  endo- 
morphic zone  and  the  body  of  the  intrusive. 


"Lawson,  Ann.  Rept.  Oeol.  and  Nat.  Hist.  Survey  Canada.  1887,  Part  F,  map. 
ft  Van  Hiae,  Sixteenth  Ann.  Rept.  U.  S.  Oeol.  Survey,  Part  I,  1896,  pp.  «37  and  815. 
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EVIDENCES  OF  DIFFERENTIATION. 

In  turning  to  the  main  problem  still  awaiting  us,  the  relation  of  the 
hypothesis  of  rifting,  overhead  stoping,  and  abyssal  assimilation  to 
the  sequence  of  the  eruptive  rocks  at  Ascutney  Mountain,  it  must  be 
be  stated  in  advance  that  differentiation  in  the  usual  sense  of  that 
term  has,  it  is  believed,  been  operative  in  the  production  of  these 
rocks.  This  illuminating  principle  seems  to  win  added  credibility 
every  year,  as  the  i)etrological  facts  concerning  consanguinity,  com- 
plementary dikes,  etc.,  become  more  numerous  and  more  clearly 
ascertained.  Without  entering  further  into  the  general  question,  the 
course  of  our  argument  demands  that  some  of  the  concrete  evidences 
for  the  value  of  the  principle  be  noted  as  the  result  of  a  study  of 
Ascutney  Mountain. 

Direct  witness  to  the  fact  of  differentiation  is  found  in  the  abundant 
and  remarkable  basic  segregations  from  most  of  the  stocks  and  dikes. 
Moreover,  the  "blood  relationship"  in  mineralogical  and  chemical 
composition  of  the  main  rock  bodies  of  Little  Ascutney,  Pierson  Peak, 
and  Ascutney  Mountain  proper,  occurring  as  they  do  in  so  strikingly 
different  geological  associations,  and  the  close  agreement  in  composi- 
tion with  the  distant  syenitic  rocks  of  Essex  County,  Mass.,  Killing- 
ton  Peak,  the  Adirondacks,  Rigaud  Mountain,  Quebec,  and  the  eastern 
townships  of  Quebec,  seem  to  indicate  that  strict  chemical  and  phys- 
ical laws,  and  not  fortuitous  similarity  in  the  products  of  assimilation, 
govern  the  particular  groupings  of  metiils  and  oxides  found  in  the 
respective  intrusives.  The  occurrence  of  nordmarkites  in  all  of  these 
regions  must  be  regarded  as  the  result  of  the  independent  assertion  in 
each  region  of  one  and  the  same  set  of  laws  of  attraction  and  concen- 
tration in  an  originally  more  complex  rock  magma  rather  than  the 
result  of  multiplied  consolidations  of  one  great  nordmarkitic  magma 
underlying  all  this  part  of  North  America. 

Further,  the  conclusion  that  mere  assimilation  of  the  invaded 
sedimentary  terranes  by  a  magma  can  not  be  used  to  exi)lain  the 
intrusives  of  this  part  of  the  world  is  rendered  all  the  more  probable 
by  a  detailed  comparison  of  the  Ascutne}^  eruptives  with  those  of 
Mount  Shefford,  as  described  by  Dresser.^  The  Canadian  intrusives 
named  in  the  order  of  injection  are  essexite,  nordmarkite,  pulaskite, 
eainptonile,  and  bostonite.  The  first  of  these  is  considerably  more 
alkaline  than  the  Ascutney  diorite  analyzed,  but  is  probably  close 
chemically  to  phase  e  of  the  Basic  stock.  Macroscopicallj^  the  Ascut- 
ney diorite  and  the  Shefford  essexite  are  remarkably  alike  in  general 
habit,  and  the  writer  has  seen  a  coarser  phase  of  the  latter  which  has 
the  poikilitic  bisilicates  and  other  detailed  features  of  the  Ascutney 
gabbros.  As  striking  similarity  characterizes  the  green  nordmarkites 
of  the  two  mountains.  These  facts  seem  to  prove  conclusively  that 
definite  chemical  and  physical  laws  have  governed  the  formation  of 
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each  special  magma  which  crystallized  after  irruption  into  the  rock 
bodies  now  exposed  to  view.  There  has  l)een  some  lyost-eriiptive 
differentiation  in  the  Sheffonl  intrusions,  as  they  possess  basified 
endomorphic  zones.  Dresser  holds  that  the  essexite,  nordmarkite, 
and  pulaskite  fonn  the  fillinj^  of  a  laccolithic  space  in  the  Lower 
Silurian  sediments  of  Shefford  Mountain.  Accepting  his  view  of  the 
mode  of  intrusion,  preeruptive  differentiation  from  a  magma  origi- 
nally composed  of  a  mixture  of  these  special  magmas,  might  be 
credited  with  a  full  explanation  of  the  Shefford  rocks,  though  even 
then  the  possibility  is  quite  open  that  the  original  complex  magma 
had  been  formed  by  the  considerable  digestion  and  assimilation  by  a 
still  earlier  magma,  of  the  Trenton  slates  and  other  sediments  through 
which  the  eruptions  took  place.  On  the  other  hand,  the  fact  of  some 
kind  of  assimilation  preparatory  to  differentiation  at  Ascutney  can 
hardly  admit  of  doubt. 

The  differentiation  of  the  alkaline  rocks  in  the  area,  on  the  hypothesis 
outlined  for  Ascutney,  would  be  local  and  confined  to  a  magma  which 
had  been  more  or  less  strongly  affected  b}'  the  "mise  en  place"  of 
the  Basic  stock.  If  we  have  anywhere  an  igneous  formation  approxi- 
mately representing  the  main  magma  which  underlay  the  region 
before  the  intrusion  began,  it  must  be  found  in  that  stock.  All  sub- 
sequent intrusions  might,  on  account  of  the  intermixture  of  assimi- 
lated schists,  be  expected  to  show  a  divergence  from  the  original 
magma  that  would  be  the  stronger  the  later  the  corresponding  intru- 
sive appeared  in  a  series  of  eruptions.  In  other  words,  the  windsor- 
ite  dikes,  the  nordmarkites,  pulaskite,  monzonite,  paisanite,  granites, 
and  aplites  are,  by  the  hypothesis,  regarded  as  the  product  of  the 
deep-seated  assimilation  of  the  schists  followed  or  accompanied  by  the 
differentiation  of  these  related  magmatic  types  from  the  mixture  due 
to  subcrustal  digestion.  The  high  silica,  potash,  and  alumina  of  the 
micaceous  and  quartzose  phyllites  and  gneisses  would  explain  the 
increasing  acidity,  the  alkalinity,  and  feldspathic  character  of  these 
differentiated  products,  though  other  features  must  be  credited  to 
differentiation  alone. 

Just  how  differentiation  takes  place  is  still  to  be  reckoned  among 
the  mysteries  of  geology.  There  is  no  doubt  that  several  determina- 
tive factors  must  be  taken  into  account.  Without  in  any  way  wish- 
ing to  question  the  validity  of  the  other  causes,  the  writer  will  here 
briefly  instance  one  of  them  as  seeming  to  be  of  more  general  appli- 
cation. Rosenbusch  has  published  the  view  that  the  separation  of 
differentiat-ed  products  may  be  due  in  part  to  the  gravitative  effect, 
whereby  the  more  acid  and  lighter  constituents  of  a  complex  magma 
become  segregated  and  float  upon  the  more  basic  and  heavier  residue.** 
It  is  supported  by  the  valuable  observations  of  Morozewicz  in 
synthetic  experiments  and  in  the  study  of  glass  furnaces.^    Doelter 


aMikroBkopiflcbe  Pbysi<)Kraphie  d.  Min.  a.  Qest.,  Vol.  n,  1800,  p.  562. 
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has  pointed  out  that  such  results  adhere  to  exceptional  cases,  both 
in  his  own  experiments  and  in  those  of  the  Russian  investigator; 
yet  their  significance  is  still  great,  since  they  agree  with  Gouy  and 
Chaperon's  theoretically  deduced  principle  of  gravitative  stratification 
in  saline  solutions,^  as  well  as  with  some  positive  field  observations. 
For  example,  Sir  A.  Greikie  describes  the  separation  of  a  lower  layer 
of  picrite  and  an  overlying  layer  of  olivine-basalt  in  the  same  lava 
flow,  and  finds  it  probable  that  similar  differentiation  has  taken  place 
in  basic  sills.*  It  is  at  least  worth  while  to  apply  the  gravitative 
theory  to  the  Ascutney  magmas,  so  far  as  to  state  briefly  the  course 
of  events  entailed. 

By  the  separation  of  the  differentiated  products,  the  uppermost 
layer  would,  by  the  antecedent  addition  of  the  abundant  silica  from 
the  digested  schists,  become  more  and  more  acid  as  the  assimilation 
progressed.  The  aplites  and  granite  would  appear  as  the  latest 
products  (excepting  the  complementary  dikes)  of  a  differentiation 
dependent  on  the  assimilation  for  its  final  expression. 

Opposed  to  the  hypothesis  is  the  more  usual  view  of  simple  differ- 
entiation as  explanatory  of  the  eruptive  sequence.  The  latter  has 
been  well  expressed  by  Brogger  for  the  similar  sequence  in  the  Chris- 
tiania  region.  He  points  out  the  general  harmony  existing  between 
the  theoretical  order  of  differentiation,  the  order  of  eruption  in  the 
province,  and  the  order  of  crystallization  in  the  various  rocks. <^  On 
the  same  principle  the  oldest  Ascutney  stock  would  be  regain! ed  as 
of  the  nature  of  a  gigantic  basic  segregation  which  had  absorbed  into 
itself  the  basic  orthosilicates  and  metasilicates  of  lime,  magnesia,  and 
iron  before  the  crystallization,  from  the  same  original  magma,  of  the 
syenites  and  granite  where  the  dark-colored  constituents  are  so  poorly 
represented. ''  The  possibility  of  mere  differentiation  (without  assimi- 
lation) producing  the  Christiania  rock  bodies  is  due,  according  to 
Brogger,  to  the  peculiar  laccolithic  nature  of  the  intrusions  in  that 
province.  The  preparation  of  free  space  for  the  pla}"  of  chemical 
reactions  leading  to  differentiation  is  quite  in  contrast  with  that 
hypothecated  for  the  Ascutney  area,  though  many  of  the  rock  types 
of  the  two  regions  are  extremely  similar.  Brogger  has  pronounced 
against  the  assimilation  theory  of  Kjerulf  and  Michel  LcAy,  largely 
for  the  reason  that  ii  fails  to  meet  the  controlling  test,  the  proof  of 
chemical  sympathy  between  tlie  formation  invaded  and  the  igneous 
body  supposed  to  have  performed  the  digestion.  Thus  the  granite  of 
the  Christiania  region  contains  scarcely  0.5  per  cent  of  CaO,  although 
the  Cambrian  and  Silurian  beds  through  whicli  the  intrusions  occun-ed 
contain  as  large  an  average  as  24.5  per  cent  of  the  same  oxide.''  The 
objection    does    not,    however,    apply    to   the  modified   assimilation 
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hypothesis  as  outlined  in  this  chapter.  Brogger's  own  cross  sections 
would  imply  that  the  Cambrian  and  Silurian  limestones  were  depos- 
ited on  Archean  crystalline  schists.  The  vertical  thickness  of  this 
formation  is  probably  several  times  as  great  as  the  thickness  of  all 
the  Lower  Paleozoic  limestones  combined.  Differentiation  working 
on  the  magma  produced  b}'^  the  mixture  of  the  digested  material  of 
both  limestones  and  schists  might  very  well  give  a  granite  with  a  low 
content  of  lime.  Be  the  method  of  intrusion  what  it  will,  the  simi- 
larity of  the  Norwegian  and  Vermont  rocks  seems  to  point  unmistak- 
ably to  the  truth  of  the  main  principle  of  differentiation — the  tendency 
toward  definite  chemical  and  mineralogical  segregation  in  a  silicate 
magma,  irrespective  of  how  that  magma  was  prepared. 

As  the  specific  gravity  of  the  acid  magmas  must  in  every  case  be 
lower  than  that  of  the  original  basic  magma,  the  latter  would  tend  to 
rid  itself  continually  of  the  foreign  substance  being  dissolved  from 
the  sunken  blocks.  We  have  seen  that  the  latter  would  sink  deepl}'. 
Whether  this  gravitative  cleansing  be  perfect  or  not  at  a  moderate 
depth  of,  perhaps,  a  mile  or  two  below  the  original  magma  surface, 
the  magma  might  there  still  be  quite  basic.  If  we  now  imagine  a  pro- 
longed period  during  which  the  overlying  acid-alkaline  intrusives  were 
completely  crystallized  and,  afterwards,  a  limited  fracturing  of  the 
whole  compound  terrane,  we  can  secure  some  explanation  of  the  final 
series  of  basic  dikes.  They  would  represent  the  product  of  renewed 
eruptive  activity  from  the  deep-lying,  still  molten  magma  pressed 
upward  along  the  eas}'^  paths  of  the  fractures.  The  common  occur- 
rence of  the  diabase  dikes  and  lavas  through  the  whole  length  of  the 
Connecticut  Valley  and  in  many  parts  of  the  Appalachian  system 
suggests  correlation  with  this  hypothetical  explanation.  Possibly 
the  camptonites  are  nothing  more  than  dikes  of  diabase  which 
have  absorbed  a  small  amount  of  ferrous  iron  and  alkalies  from  the 
syenites  through  which  they  have  found  their  way.  Nevertheless,  in 
spite  of  the  difficulty  of  determining  the  place  and  exact  manner  of 
the  differentiation  of  complementary  dikes  in  general,  the  possibility 
that  these  youngest  dikes  correspond  to  the  basic  poles  of  secondary 
differentiation  can  not  be  excluded.  Nor  is  it  necessary  to  the 
hypothesis  of  abyssal  assimilation  that  either  alternative  be  estab- 
lished, for  the  hypothesis  must  be  linked  with  the  belief  in  secondary 
differentiation. 

THE  PETROGENIC  CYCLiE. 

Finally,  it  should  be  observed  that  the  whole  series  of  events  lead- 
ing from  the  beginning  of  the  invasion  of  the  oldest  stock  to  the 
irruption  of  the  youngest  stock  and  dikes  might,  after  the  solidifica- 
tion of  the  last  of  these,  be  followed  b}^  a  resumption  of  plutonic 
activity.  There  might  thus  be  repeated  the  sequence  of  changes 
memorialized  in  the  existing  rock  bodies — basic  to  acid  through  inter- 
mediate types.     Or  any  part  of  the  cycle  might  be  repeated,  whereb}' 
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relatively  basic  irruptions  into  the  schists  would  be  followed  by  more 
acid  ones.  Or,  thirdly,  the  cycle  represented  in  the  unsqueezed  igneou.s 
rocks  of  the  present  mountain  might  have  been  preceded  by  an 
older  cycle,  the  records  of  which  are  still  buried  deep  within  the 
schistose  formations  in  the  neighborhood.  Such  an  earlier  cycle 
would  account  for  the  amphibolites  and  aplitic  sheets  which  antedate 
the  last  great  period  of  folding  and  dynamometamorphism  in  the 
schists. 

StTMMARY  AND  GENERA  li  APPLilCAHON. 

In  order  to  bring  this  hypothesis  of  overhead  stoping,  abyssal 
assimilation,  and  differentiation  into  relation  with  the  general  prob- 
lem of  the  plutonic  rocks,  it  will  be  expedient  to  recapitulate  (I)  the 
essential  facts  of  observation  in  the  Ascutney  area,  (II)  the  results 
of  experimental  investigation  on  the  specific  gravity  of  the  Ascutney 
rocks  and  on  silicate  magmas,  and  (III)  the  conclusions  won  from  the 
correlation  of  both  groups  of  considerations. 

(I)  The  Ascutney  irruptive  bodies  exhibit  the  following  character- 
istics: 

A  series  of  true  stocks  ranging  from  the  oldest,  most  basic,  and 
least  alkaline  to  the  highly  alkaline,  youngest,  and  most  acid,  followed 
and  accompanied  by  groups  of  aplitic  and  lamprophyric  dikes. 

Two  of  the  stocks  (Basic  stock  and  Main  stock)  characterized  by  a 
noteworthy  heterogeneity;  the  other  three  by  just  as  striking  homo- 
geneity. 

An  almost  entire  lack  of  sympathj^  between  the  structural  planes 
in  the  country  rocks  and  the  form  of  each  intrusive  body. 

Conclusive  evidence  that  the  different  magmatic  chambere  were  not 
prepared  by  circumferential  faulting. 

In  each  stock  a  decided  lack  of  any  enrichment  of  the  endomorphic 
zone  by  substance  dissolved  from  the  invaded  formations;  a  general 
freedom  from  foreign  inclusions  in  the  interior,  with  a  characteristic 
abundance  of  angular  inclosures  near  the  contacts;  an  exceedingl}' 
sharp  line  of  contact  with  the  country  rocks;  equally  sharp  contact^s 
of  the  foreign  fragments  and  their  respective  hosts;  lack  of  direct 
sympathy  between  the  composition  of  the  intrusive  stocks  and  of  their 
respective  country  rocks. 

The  existence  of  many  long  and  narrow,  apophysal  offshoots  from 
each  stock,  betokening  their  high  fluidity  at  the  time  of  intrusion. 

The  presence  of  many  basic  segregations  in  four  out  the  five  stocks. 

The  niineralogical  and  chemical  characters  of  the  stock  rocks 
which,  compared  among  themselves  and  with  the  rocks  of  other 
petrograpliical  provinces,  compel  belief  in  some  kind  of  differenti- 
ation of  th(^  Ascutney  igneous  bodies  from  a  common  magma. 

(II)  The  experiments  of  Harus,  Delesse,  Daubree,  Doelt^r,  Oetling, 
Morozewioz  and  othcM-s  have  shown — 

That  re])resentati  ve  natural  or  artificial  silicate  mixtures  at  ordinary 
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atmospheric  pressure  become  thinly  molten  at  a  temperature  only 
slightly  above  that  of  solidifieation. 

That,  in  every  instance,  a  great  increase  of  volume  characterizes 
the  change  from  the  solid  to  the  molten  state. 

That  the  corresponding  difference  of  density  is,  no  doubt,  essentially 
preserved  under  plutonic  conditions. 

That  the  chief  rock-forming  minerals  are  soluble  in  all  of  the  melted 
silicate  mixtures  j^et  investigated  and  at  the  temperatures  ruling  when 
those  mixtures  are  thinly  molten. 

That  pressui'e  aids  the  solubility  indirectly  by  retaining  water  and 
other  mineralizers  in  the  magma,  but  retards  it,  probably  in  much 
less  degree,  by  raising  the  temperature  of  fusion  for  silicate  minerals. 

That  there  is  evidence  of  differentiation  in  molten  silicat/C  magmas 
by  gravitative  effect. 

Numerous  specific  gravity  determinations  on  the  solid  Ascutney 
rocks  show  that  the  lightest  of  these  would,  under  the  same  conditions 
of  pressure  as  the  densest  of  the  magmas  (that  of  the  Basic  stock), 
sink  on  immersion  in  that  magma. 

(Ill)  The  conclusions  necessitated,  it  is  believed,  by  these  facts  are: 

1.  That  the  various  chambers  now  occupied  by  the  igneous  bodies 
were  not  opened  by  bodily  movements  in  the  earth's  crust,  but  by 
some  kind  of  assimilation  of  the  invaded  formations. 

2.  That  this  assimilation  did  not  take  place,  except  in  subordinate 
degree,  by  caustic  solution  on  the  main  contacts. 

3.  That,  even  in  its  relatively  inactive  state  near  the  moment  of 
final  consolidation,  each  magma  was  capable  of  rifting  off  numerous 
large  and  small  blocks  from  the  walls  with  which  it  came  in  contact — 
blocks  now  visible  because  the  magma  was  then  so  toughly  viscous  as 
to  support  them  in  suspension. 

4.  That  during  the  much  longer  period  of  high  fluidity  each  magma 
was  capable  of  still  more  powerful  rifting  action. 

5.  That  throughout  that  period  there  must  have  prevailed  a  more  or 
less  steady  rain  of  the  rifted  blocks  downward  into  the  lower  depths 
of  the  magma  and  a  corresponding  enlargement  of  the  magma  cham- 
ber, the  size  of  which  would  depend  on  the  time  during  which  the 
action  continued;  independent  testimony  may  be  had  of  the  high 
probability  that  the  time  taken  in  all  plutonic  intrusion  is  very  great. 

6.  That  in  the  abyssal  region  the  blocks  must  undergo  active  solu- 
tion by  the  magma,  which  would  thus  become  mixed  and  gradually 
more  complex. 

7.  That  some  compensation  for  the  increased  volume  of  the  rock 
digested  must  be  made — suggesting  either  surface  extrusion  from 
another  part  of  the  same  magma  basin  or  secular  upheaval  of  the 
earth's  crust  above  the  basin. 

8.  That  the  original  magma  was  at  least  as  basic  as  the  gabbroitic 
phase  of  the  oldest  stock. 
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9.  That  there  would  be  a  tendency  for  the  mixed  magma  to  become 
more  and  more  acid  by  reason  of  the  assimilation  of  tlie  schistose  ter- 
ranes. 

10.  That  this  magma  would  be  expected  to  differentiate  by  slow 
gravitative  action,  through  which  the  lighter,  more  acid  submagmas 
would  float  on  the  heavier  basic  residues. 

11.  That  such  differentiation  must  be  supplemented  by  other  causes, 
real  and  universal,  though  at  present  ill  understood,  leading  to  a 
comparatively  definite  splittingof  the  main  magma;  thus  homogeneous 
rock  bodies  would  be  produced  similar  to  those  in  other  parts  of  eastern 
North  America  and  elsewhere. 

12.  That  the  Ascutney  stocks  are  the  crystallized  product  of  such 
differentiation  from  an  ever-changing  magma  constantly  enriched  by 
assimilation. 

13.  That  the  series  of  petrogenic  events  at  Ascutney  constitute  a 
cycle  that  might  be  repeated  either  as  a  whole  or  in  part  within  the 
same  area. 

14.  That  the  later  basic  dikes  may  be  explained  as  the  beginning  of 
a  second  petrogenic  cycle,  or  as  the  basic  poles  of  a  secondary 
differentiation. 

Now,  the  facts  of  field  observation  at  Ascutney  Mountain,  with  two 
possible  exceptions,  correspond  to  possible  characteristics  of  most  of 
the  granitic  intrusions  of  the  world.  The  heterogeneity  of  the  Basic 
stock  and  of  the  Main  stock  is  doubtless  of  a  higher  order,  and  the 
basic  segregations  in  the  latter  are  more  numerous  than  in  the  normal 
granitic  mass.  Yet  these  contrasts  may  be  largely  explained  by  the 
action  of  secondary  differentiation.  The  experimental  results  of 
investigation  on  melted  silicate  mixtures  are  manifestly  capable  of 
general  application.  There  is,  accordingly,  reason  to  believe  that 
the  hypothesis  summarized  in  the  list  of  conclusions  concerning  the 
Ascutney  eruptives  may  be  applied  to  most  stocks  and  batholiths. 

THE  UNrV^RSAX.  EARTH   MAGMA. 

If  this  hypothesis  be  accepted  for  stocks  and  batholiths  generally, 
and  if  dikes,  sheets,  and  laccolithic  intrusions  (including  all  such  as 
have  been  conditioned  by  the  action  of  hydrostatic  pressure  on  a 
magma  entering  spaces  opened  by  bodily  crustal  movements)  are  the 
results  of  the  eruption  of  submagmas  differentiated  from  the  deeper- 
lying  and  greater  magma  produced  by  the  incorporation  of  invaded 
formations,  the  further  inquiry  as  to  the  original  composition  of  such 
assimilating  magma  thus  becomes  a  matter  of  special  interest.  The 
required  space  can  not  hero  be  taken  for  a  full  discussion  of  this 
question,  evc^ii  if  only  the  limited  number  of  facts  now  known  con- 
cerning tlu^  subject  were  given  full  stateinc»nt.  Special  diffidence 
may  be  felt  in  approaching  this  most  difficult  theme.  Yet  certain 
preliminary  considerations  are  offered,  primarily  those  which,  in  the 
o])iuiou  of  the  writer,  do  not  at  the  present  time  receive  the  full  share 
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of  atteutioii  that  they  should  have  in  the  problem  of  the  earth's 
interior;  taken  together,  tiey  seem  to  form,  in  a  measure,  a  test  of 
the  foregoing  hyx)othe8i8. 

ITie  evidence  is  accumulating  that  the  normal  order  for  the  erup- 
tion of  plutonic  rocks  is  that  of  from  most  basic  to  most  acid.  That 
the  same  order  may  be  preserved,  on  the  large  scale,  in  extrusions  of 
lava  at  volcanic  cones  is  illustrated  by  Sir  Archibald  Geikie  in  his 
treatise  on  The  Ancient  Volcanoes  of  Great  Britain.'*  It  seems 
established,  moreover,  that  the  oldest  eruptive  in  the  majority  of 
I)etrographical  provinces  approximates  a  gabbro  or  basalt  in  compo- 
sition. Yet  the  oldest  intrusive,  by  the  foregoing  hypothesis,  is  that 
one  which  should  most  nearly  represent  the  original  magma,  modi- 
fied as  the  latter  tends  to  become  by  the  assimilation  of  the  more 
siliceous  crystalline  schists  and  sedimentary  terranes. 

Again,  in  those  conduits  where  escape  of  igneous  rock  from  the 
earth's  interior  to  the  surface  takes  place  to  such  an  extent  as  to 
build  large  volcanoes,  we  should  expect  the  sequence  of  eruption  to 
be  completed  by  an  effusion  of  lava  more  nearly  representing  the 
original  magma  than  the  antecedent  flows.  This  for  the  reasons, 
first,  that  assimilation  (deep-seated  digestion  of  the  overlying  crust)  in 
the  immediate  vicinity  of  the  vent  would,  in  that  late  stage  in  the 
development  of  the  volcano,  have  progressed  so  far  as  to  have 
enlarged  the  conduit  to  a  size  suitable  to  the  large  cone;  secondly, 
that  the  vent  would  by  the  long  continuance  of  the  volcanic  activity 
have  become  freed  from  the  products  of  such  digestion,  and,  thirdly, 
that  the  latest  flows  would  be  derived  from  the  original  magma  prac- 
tically unaffected  by  assimilation.  Now,  it  is  a  significant  fact  that 
the  latest  extrusive  product  of  our  greatest  volcanoes,  such  as  Etna, 
Fusiyama,  Chimborazo,  Cotopaxi,  etc.,  is  without  known  exception, 
either  basalt  or  andesite.  The  unnumbered  lofty  volcanoes  which 
spring  from  the  floor  of  the  deep  Pacific  and  Indian  oceans  are,  with 
but  few  exceptions,  capped  with  basalt  or  andesite.  Indeed,  such 
basic  lava  seems  to  be  the  only  igneous  rock  exposed  in  oceanic  areas 
making  up  at  least  one  half  of  the  whole  surface. of  the  globe. 

Not  less  important  is  the  equally  indisputable  fact  that  the  great 
fissure  eruptions  of  the  globe  give  birth  to  only  one  kind  of  lava, 
again  basaltic.  The  familiar  examples  in  Iceland,  Northwestern 
Europe,  India,  the  Northwestern  Unit-ed  States  of  America,  and  the 
Hawaiian  Archipelago,  tell  no  uncertain  story  concerning  the  nature 
of  the  vast  reservoir  from  which  they  have  derived  their  enormous 
volumes  of  lava.  The  more  acid  flows  which  occur  in  any  one  of 
these  regions  are  insignificant  in  bulk  when  compared  to  the  total  basic 
output.  The  former  could  be  explained,  in  accordance  with  the  pres- 
ent hypothesis,  Jis  the  product  of  differentiation  acting  on  the  uni- 
versal magma  influenced  by  the  assimilation  of  the  continental  rocks, 
which  are  characteristically  more  acid  than  that  magma.     Further, 
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we  should  expect  assimilation  to  be  less  active  in  determining  the 
composition  of  fissure  eruptives  than  in  preparing  the  secondary 
magmas  erupted  in  volcanic  cones  or  injected  in  the  intrusive  form. 
From  the  nature  of  the  geological  dynamics  rendering  possible  the 
rapid  expulsion  of  the  voluminous  flows  at  great  fissures,  it  is  clear 
that  the  corresponding  magma  had,  in  each  case,  relatively  easy 
access  to  the  earth's  surface,  and  had  not  to  work  its  way  through  the 
crust.  The  plateau  lavas  accordingly  merit  particular  notice  in  the 
search  for  the  general  earth  magma.  Too  little  attention  has  been 
paid  to  the  volume,  relative  abundance,  and  geological  occurrence  of 
the  different  eruptive  tyi)es  in  the  extant  discussions  of  the  origin  of 
igneous  rocks.  Those  questions  must  always  be  of  prime  importance 
in  deciding  on  the  question  of  assimilation. 

For  different  reasons,  excepting  that  derived  from  the  enormously 
greater  abundance  of  basaltic  lavas  on  the  earth,  Dutton  came  to  this 
same  conclusion  as  to  the  nature  of  the  "primordial  matter."  He  has 
rightly  emphasized  the  importance  of  the  fact  that  basalt  is  a  *' syn- 
thetic or  comprehensive  type  of  rock."  His  theory  of  the  derivation 
of  other  igneous  rocks  by  simple  fusion  of  sedimentary  formations, 
derived  in  their  turn  by  atmospheric  agencies  from  this  "  primordial 
matter,"  takes  insuf&cient  account  of  the  facts  of  differentiation 
learned  since  1880.  Yet  his  theory  has  a  suggestive  relation  to  the 
one  proposed  in  these  pages. « 

Thus,  partly  by  the  induction  of  known  facts,  partly  by  the  deduc- 
tion of  certain  conclusions  which  are  explanatory  of  a  considerable 
number  of  related  phenomena,  we  have  been  led  to  the  view  that  there 
is,  all  round  the  earth  and  not  far  from  its  present  surface,  a  single 
fundamental  magma  of  a  composition  allied  to  basalt.  This  magma 
must  probably  be  regarded  as  molten  only  potentially  and  to  uncer- 
tain depth  by  the  local  relief  of  pressure.  It  has  been  implied  that 
all  other  rocks  may  have  been  indirectly  derived  from  such  a  magma, 
though  the  possibility  is  not  excluded  that  part  of  the  normal  conti- 
nental intrusive  (acid-alkaline)  rocks  may  form  the  more  or  less  pure 
equivalent  of  primal  matter  differentiated  at  the  surface  of  the  origi- 
nal crust  of  the  earth.  It  is,  of  course,  evident  that  we  are  now  face 
to  face  with  other  principal  earth  problems,  most  of  which  are  nothing 
more  nor  less  than  true  riddles.  The  nature  of  the  earth's  original 
crust,  the  antiquity  of  the  ocean  basins,  the  duration  and  geological 
history  of  the  Archean  era  during  which  most  of  the  siliceous  material 
of  the  crust  was  prepared  in  nearly  its  present  form,  the  origin  of  the 
crystalline  schists,  the  preponderance  of  potash  among  the  alkalies  of 
continental  formations,  the  explanation  of  the  high  soda  content  of  sea 
water,  are  among  those  pro])lenis  bearin<ij  on  tlu*  hypothesis.  It  can 
only  be  said  that  the  writer  has  not  3'et mot  witli  insurmountable  objec- 
tions to  the  hypothesis  in  the  partial  solutions  now  attained  for  them. 


«Cf.  C.E.  Dutton,  Tho  U\y:h  Plateaus  of  Utah:    V.  S.  (iool.  and  (ieoj,'.  Surv.  Rocky  Mounteiu 
Region,  Washinifton,  imK  p.  l£y  et  seq. 
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The  probability  that  the  combined  variety  and  tyi)e  constancy  of 
the  continental  igneous  rocks  are  due  to  both  abyssal  assimilation 
and  magmatic  differentiation  is  taught  not  only  by  a  detailed  study 
of  a  small  area  like  Ascutney  Mount'ain,  but  as  well  by  a  review  of 
the  earth's  igneous  output  as  a  whole.  Perhaps  the  hypothesis  founded 
on  this  conviction  may  do  something  toward  removing  the  difficulty 
that  is  felt  by  most  students  of  igneous  rocks;  it  is  the  dilemma  once 
well  described  to  the  writer  by  a  leading  petrologist:  **As  ^  geologist, 
one  must  believe  in  assimilation;  as  a  x)etrographer,  he  must  declare 
against  it." 
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TABLES,  LIST  OF  SPECIMENS,  ETC. 
Table  XTTI. — Mineralogical  and  structural  constitution  of  the  Ascutney  eruptives. 


Essential  feldspars. 

Other  essential 
oonstttuentB. 

Accessory. 

Stroctnre. 

Camptonite 

Basic  labra- 

Hornblende 

Titaniferous 

Panidiomor- 

dorite    (Ab, 

Aogite. 

magnetite. 

phicporphy- 

An,). 

Pyrite. 

Apatite. 

Decomposi- 

ritic. 

• 

• 

tion    prod- 
ucts: Chlo- 
rite,    epi- 
dote,    cal- 
cite,  sec- 
o  n  d  a  r  y 
(i  u  a  r  t  z  , 
kaolin. 

Augite-gabbro . 

do 

Augite. 

Biotite. 

Hornblende. 

Pyrite. 

Ilmenite. 

TitAuit^. 

Apatite. 

Hypidiomor- 
phic  granu- 
lar. 

Diabase 

do 

do 

Titaniferous 
magnetite. 

Ophitic. 

Pyrite. 

• 

Apatite. 

Decomposi- 
tion   prod- 
ucts: Chlo- 
rite,    epi- 
dote,   cal- 
cite,  see- 
on  d  a  r  y 
quartz, 
kaolin. 
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Table  Xm. — Minercdogical  aiid  structural  constitution  of  the  Ascuiney  erup- 

tivea — Continued. 


Essential  feldspars. 

Other  essential 
constittientB. 

Accessory. 
Ilmenite. 

Structure. 

Horn  blende - 

Basic  labra- 

Hornblende. 

Hypidiomor- 

biotite-au- 

dorite    (Ab^ 

Biotite. 

Pyrite. 

phic  granu- 

gite gabbro. 

An,). 

Angite. 

TitAnite. 
Apatite. 

lar. 

Biotite-horn- 

Av.  txBLaic  oli- 

Biotite. 

Qnartz. 

Do. 

blende-dio- 

goclase  (Ab) 

Hornblende. 

Ilmenite. 

rite. 

Ani). 

• 

Pyrite. 
Apatite. 
Titanit-e. 
Zircon. 

Biotite-augite- 

do 

Biotite. 

Qnartz. 

Do. 

homblende- 

Angite. 

Tlmenite. 

diorite. 

Hornblende. 

Pyrite. 
Apatite. 
Titanite. 
Zircon. 

Essexite 

Andesine  (Abj 

Hornblende. 

Qnartz. 

Do. 

Ans). 

Biotite. 

Angite. 

Microperthite. 

Ilmenite. 

Orthoclase. 

Apatite. 

1 

1 

Titanite.  . 

1 

Zircon. 

Monzonite 

Microperthite. 

Hornblende. 

Qnartz. 

Do. 

Orthoclase.         I  Augite. 

Titaniferons 

Labradorite 

Biotite. 

magnetite. 

(Abi  An,). 

Apatite. 

Pyrite. 

Zircon. 

Windsorite 

Microperthite. 

Biotite. 

Qnartz. 

Do. 

Orthoclase. 

Augite,  horn- 

Basic   oligo- 

blende. 

clase   (Ab, 

Ilmenite. 

An,). 

Apatite. 

Zircon. 

Titanite? 
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Table  Xm. — Mineralogical  and  stmctural  constitution  of  the  Ascutney  erup- 

tiv€»^Conimaed, 


Eineiitial  f  eldfipars. 

Other  eeaential 
constitnents. 

Acceasory. 

Structure. 

Pnlaskite 

Microperthite. 

Biotite 

Titaniferous 

Hypidiom  Or- 

Orthoclase. 

1 

magnetite. 

Quartz. 

Titanite. 

Hornblende. 

Augite. 

Apatite. 

Zircon. 

phic  granu- 
lar. 

Nordmarkite  .. 

Microi)er  thite 

Hornblende. 

Quartz. 

Hypidiom  Or- 

(cryptoper- 

Biotite. 

(Allanite.) 

phic  granu- 

• 

thite). 

Augite. 

lar. 

Orthoclase. 

Quartz. 

Titaniferous 

Porphyritic. 

Microcline. 

magnetit.e. 

Trachytic. 

Acidoligoclase. 

Apatite. 

Pyrite. 

Zircon. 

Monazit«. 

Garnet. 

Biotite-granite . 

Microperthite. 

Biotite. 

Magnetite, 

Porphyritic. 

Orthoclase. 

Quartz. 

Titanite. 

Microcline. 

Apatite. 

Acidoligoclase. 

Zircon. 

PaiHanite 

Microperthite. 

Quartz. 

Titanite. 

Panallotrio- 

Soda-ortho- 

Hornblende. 

nmenit'e. 

morphic  ix)r- 

clase. 

Pyrite. 
Zircon. 
Apatite. 

phyritic. 

Mnscovite  -  ap- 

Orthoclase. 

Quartz. 

Microperthite. 

Panallotrio- 

lite. 

Albite. 

Muscovite. 

morphic. 
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120  GEOLOGY    OF    ASCUTNEY    MOUNTAIN,   VERMONT.         [bull.209. 

Tablr  XV. — List  of  the  more  important  specimens  studied. 

No.    la  and  lb.  Basic  segregation  in  biotite-granite. 

2.  Biotite-granite. 

5.  Metamorphosed  limestone  of  contact-zone,  bearing  grossnlarite. 
24.  Sericitic  qnartzite. 
32.  Biotite-homblende-diorite. 
34.  Granite;  phase  h  of  Main  syenite  stock. 
36.  Breccia  of  Little  Ascutney. 

42.  Green  nordmarkite;  Main  syenite  stock  (phase/). 
57.  Camptonite  dike;  Little  Ascntney. 

59.  Microi)erthite-bearing  homblende-biotite-diorite. 
59a.  Basic  segregation  in  59. 

60.  Paisanite;  Little  Ascutney. 

6 1 .  Homblende-biotite-augite-gabbro. 

62.  Pulaski te;  Pierson  Peak. 

66.  Basic  segregation  in  porphyritic  phase  g  of  Main  syenite  stock. 
74.  Augite-camptonite. 

76.  Nordmarkite-porphyry;  Little  Ascutney. 

77.  "  Wiiulsorite  "  dike;  Little  Ascutney. 

100.  Metamorphosed  limestone  of  contact  zone,  bearing  epidote,  etc. 

105.  Endomorphic  zone  of  biotite-granite. 

106.  Miarolitic  phase  of  105. 

111.  Monzonite;  phase  i of  Main  syenite  stock. 

113.  Segregation  in  biotite-granite. 

114.  Unaltered  siliceous  limestone. 

115.  Porphyritic  phase  f/  of  Main  syenite  stock.  • 
120.  Diabase  dike. 

122-1:^6,  inctlusive.  Metamorphosed  x)hyllite  of  c(mtact  zone  about  the  Main 

stock. 
139.  Paisanite  of  Main  stock. 
141.  Basic  st'gregfition  in  139. 

I45a.  Aiigite-biotite-dioritt?  dike;  Little  Asc^utney. 
147.  Augite-biotite-lionililende-diorite;  Little  Ascutney. 
175.  Altered  aplite. 
184.  Augite-bi<)tit(*-diorit43. 

191.  Musc'()vit»'-a;)iite. 

192.  Augite-gabbro. 


INDEX. 


VHgV. 

Alkaline  f^ranite,  ooctiiTence  of 67 

Alkaline  biotite-fn^nite,  \mhUh  negrega- 

tionHin 82-84 

endomorphic  zone  in 84-85 

oocurrenoe  and  trharacter  of 79-85 

Aplitic  dikes,  o<r<Turronco  of 70-77 

Aflcntney  Mountain,  drainage  of 10-12 

greneral  form  and  (rharacter  of 13 

Klaciationof 12-13 

map  and  WM'tionof 7(» 

topographic  featnrcH  of 8-10 

view  of 7 

Angite-biotite-<liorite,  o<*currence  of 45 

Angite-gabbro,  occurren<'e  of 42 

Augite-hornblen<lo-«yonite,  analyHis  of  . .        47 

Baru8, Carl,  «it<Hl fl5,«6,10l 

Basic  sogregat  ir)nM,  (X'ciirronco  and  char- 

artcrof 43-14 

Biotite-aiigit4'-h<»rnblendo-diorite,  occnr- 

nMU'ti  of 40 

Biotit<»-diorite,  o<'currence  of 45 

Biotittvgranito,  analysiB  of 84 

basic  segregations  in 82-86 

analysis  of 84 

ondomorphic  zone  in 84-86 

mineral  composition  of 82 

molt^cular  proportions  of 81 

occurroDco  and  character  of 79-85 

Biotite-homblende-diorite,  occurron«-e  of       40 

Biotite-nordmarkitP,  ocxjurrence  of 70 

Bischof,  cited 101 

Breccia  mastM^,  Little  Ascutney  Moun- 
tain    n-79 

Brtigger,  W.  C,  analyses  compiled  by 41 , 

53,54,50.66,75,84,87 

cited 85,fl3,fl0,l(e,106 

Camptonite,  analyses  of 87 

occurrence  and  character  of H6-^ 

ChrustHchoff,  cited 65 

(>>s8a,  cited 96 

Cashing,  H.  P.,  analysis  by 59 

cited 53,89 

Dana,  J.  D.,  cited 13,102 

Delesse,  cited 96,97,102 

DialniHe,  analysis  of 88 

Diabase  dikes,  occurrence  and  character 

of 87-88 

Diorite,  analyses  of 41,66 

occurrence  and  character  of 38-44 

Diori tic  dikes,  features  of 44-46 

Dikes,  occurrence  of 60,70-77,86 

Dittrich,  analysis  by 41 


Page. 

Doelter,  C,  cited 94,98,99,101,102,106-106 

Doja,  M.,  analysis  by 29 

Dresser,  cited 1(H,105 

Dutton,  C.  E.,  cited 112 

Earth  magma,  original,  composition  of.  110-1 13 

Emerson,  B.  K.,  cited 19 

Eruptive  rocks,  abyssal  assimilation  of 

country  rock  by 100-108 

character  and  occurrence  of 88-8D 

methods  of  differentiation  of 104-107 

table  and  correlation  of 38-87 

Essexite,  analyses  of 41,86 

Qabbro,  occurrence  and  character  of 38^44 

Geikie,  cited 106 

Gneissic  series  of  rocks,  occurrence  and 

character  of 17-19 

Gouy  and  Chaperon,  cited 108 

Gralier,  analysis  by 29 

Granite,  alkaline,  occurrence  of 67 

basic  segr^irationa  in 82-84 

endomorphic  zone  in 84-86 

occurrence  and  character  of 79-86 

Granitite,  analysis  of 84 

Granodiorite,  analysisof 47 

Grorudite,  analysis  of 75 

Gulliver,  P.  P.,  ac^knowledgments  to 7 

Barker  and  Marr,  cited 23 

Hawes,  cited 73-74 

Hillebrand,  W.  P.,  acknowledgments  to .         7 

analyses  by 15,27,29, 

41 ,  44, 47, 50,  60, 66,  75, 76, 81 .  82, 84, 87, 88, 1 19 

cited 27 

Hitchcock,  C.  H.,  cited 8,15,64 

Hitchcock,  Edward,  cited 17,19 

quoted 77 

Homblende-biotite-augite-gabbro,  occur- 
rence of 42 

Homblende-biotite-diorite,  occurrence  of       43 

thin  section  of,  plate  showing 32 

Homblende-paisanite,  analysis  of 76 

Homfels,  plate  showing 82 

Hunt,  T.  8.,  cited 19 

Intrusion  of  the  stocks,  hjrpotheaes  con- 
cerning   90-108 

Intrusive  rocks  of  the  area,  geolc^c  age 

of 19-20 

Irruptive  rocks  of  Ascutney  Mountain, 

characteristics  of 108 

date  of  intrusion  of 21 

specific  gravitiesof 97 

Jaggar,  T.  A.,  acknowledgments  to 7 

Johnston-Lavis,  cited 99 

121 


122 


INDEX. 


Pago. 

Joly,  cited 96 

Judd,cited 42 

Kemp,  J.  F.,  cited a5 

Lacroix,  cited 5M,42 

Logorio,  cited 108 

Laiuprophyres,  occnrrence  and  charac- 
ter of 86-«8 

Lawson,  A.  C,  cited 98-108 

quoted 99-100 

■Lestivarite,  analyses  of 75 

Limestones,  changes  in 23 

metamorphic  constituents  of 35 

Lindgr(«n.  Waldemar,  cited  on  composi- 
tion of  granodiorite  . . 47 

Little  Ascutney  Mountain,  hrtHJcia  masses 

on 77-79 

intrusive  rocks  on,  plan  showing 74 

paisanite  dike  on 73-77 

syenite-porphyry  dike  of 09 

view  of 7 

Metamorphic  aureole,  features  of 22 

Metamorphism,  effects  of :S3-!I5 

Monzonite,  analysis  of 66 

mrcurrence  of 68 

Morozewicz,  J.,  cited 2H,106 

Mount  Ascutney.    See  Ascutnt'y   Moun- 
tain. 

Muscovite-aplite,  occurrence  of 73 

Nordmarkite,  analyses  of- 47,  fiO 

bjvsic   segregations   in,    plate    .show- 
ing          62 

mineral  composition  of 60 

molecular  proportions  of (JO 

o<Turronce  of ;'>).IU,(W-4519 

Nor(lmarkite-i)orpliyry,  dikes  of ({« 

Oetling,  <-it(Hl <.«,  102 

Ostiiin,  analysis  by 75 

Paisanite,  analys<'s  of 75 

<M'<'urronce  of 70-77 

niinoral  romi>osition  of 7J^,76 

mole<-ular  proi^ortionsof. 76 

thin  se<'tion  of,  plate  sliowing 02,64 

Pliyllit<»,  plate  showing 16 

metamori)hism  of 24-.T> 

Phyllitic  series  of  nn-ks,  fwcurreiice  and 

chanw'terof. 14  17 

Pierson  Peak,  lo*mtion  of 9 

syenite  sto<*k  of 70 

view  of 7 

Pulaskite,  analysis  of . .  ^ 59 

<K'<rui*reU('e  of 70 

P>'ro«'liisticf«'ldsi>ar,  thins<»<"tion<>f,  pinto 

showing - 58 


Page. 


Qnartz-diorite,  occurrence  of 

Quartz-monzonite,  analysis  of 

Quartz -sericite-schist,  analysis  of 

Quartz-syenite,  analysis  of 

Reade,  cited 


38 

47 

15 

69 

96 

Richardson,  C.  H.,  cited 15.20 

Rosenbusch,  H.,  acknowledgments  to  . . .         7 

analysis  by 87 

Schists  of  the  area,  geologic  age  of 19-20 

Smyth,  C.  H.,  analysis  by 47 

Specific  gravity  of  eruptive  rocks,  table 

showing 97 

Si>eciflc    gravity  and    temperatures  of 

rocks,  relations  of IB 

Stock  rocks,  intrusions  of,  theorie.-4  con- 
cerning    91^-100 

Syenite,  allanite  in 55-56 

apatite  in 56 

augitein - 54 

basic  segregations  in 64-68 

biotitein.-... 56 

dikescutting 71^-77 

endomorphic  zone  of flS-flB 

feldspars  in - 5IM»I 

garnet  in 57 

hornblende  in 53-54 

magnetite  in 56 

monazite  in 56 

occurrence  and  <rhanu'ter  of 48-70 

quartzin 57 

tarnishing  of,  on  exiKisure  to  air 51-53 

titanite  in 56 

zircon  in 56-57 

Syenit^viK>n)hyry,  analysis  of 59 

dike  of,  at  Little  As<*utney  Mountain .        «W 

Teller  and  von  John,  <ited , 35 

Temi)erature    and    spe<"ifli;    gravity   of 

ro<*ks,  relations  of *.Jr> 

Turner,  H.  W.,  analysis  by 47 

VanHise,C.R.,  cited li« 

quoted : 77 

Washington,  H.  S.,  analypis  by 75 
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Weed  and  Pirs.«*on,  cite<i IH 

Whittle,  ('.  L.,  ciUxl 15 

Williams,  a.  H.,  cited 35 
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Windsorite,  analysis  of 47 

definition  of - 48 

mineralogiral  composition  of   46 

dikes  of 45-48 
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